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CHAPTER I 
THE PROBlEM 
Statement of the problem.-- The purpose of this project is to 
construct work sheets which will supplement the recently completed 
Newton Course of Study in Aritl~etic for Grade 3. 
Selection of the problem.-- In September, 1950, a new Guide for 
the teaching of arithmetic was issued to kindergarten and primary grade 
teachers in Newton, Massachusetts. The program for arithmetic as out-
lined in this Guide varies considerably from the arithmetic textbooks 
used currently in the city with respect to content, treatment of con-
tent, and particular points of emphasis. Thus, there is a need for 
developmental and practice materials which are consistent with the 
arithmetic program presented in the Guide. For if teachers are going 
to carry out the suggestions in the Guide, they must have appropriate 
materials for the children to use. The materials co.nSt:ructed here are 
for use with the third grade section of the Guide. 
Justification of the problem.-- Work sheets which are designed to 
make arithmetic meaningful are recognized by the Guide to be valuable 
teaching aids. The Guide reconunends that commercial workbooks be used 
to provide a variety of experiences with pictures and diagram types of 
materials. However, commercial workbooks do not adequately provide for 
the many procedures outlined in the Guide for developing concepts and 
the process skills. other supplementary materials for study and practice 
1. 
are needed. Therefore, work sheets prepared specifically to accompany 
the Guide should help teachers in presenting arithmetic and should help 
children in learning it. 
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CHAPTER II 
REVlEW OF THE LITERATURE 
Historical development of arithmetic workbooks.--
"In looking into the history of arithmetic workbooks one 
finds that the developmental background of the workbook has been 
closely related to the testing movement and to the subsequent 
attempts to individualize teaching procedure. The trend in this 
development points to a continued use of schemes of individualiza-
tion. The workbook was one scheme that was swept in on the tidal 
wave of individualized learning. The Standard Practice Tests in-
troduced qy S. A. Courtis in 1914 and the Exercise Book of 
Frederick Burk were among the earliest forms of these materials 
to appear. A little later at the time when drill theory of 
teaching aritP~etic was at its height, teachers were looking for 
more and more prepared drill materials. As a result of this de-
mand by teachers, workbooks and other forms of practice materials 
began to be published in great numbers. 11!/ 
Thus, arithmetic workbooks were originally intended to provide 
drill. But when the theory governing the teaching of arithmetic changed 
from emphasis on drill to emphasis on meaning, workbooks also changed in 
that direction. 
Value of arithmetic workbooks.- Reports of authoritative writings 
on the value of arithmetic vmrkbook.s will be limited here because, as 
Helen Schneider says, "In view of the enormous output of workbooks of 
all kinds (not only · .arithmetic VTorkbooks) the amount of critical. liter-
?} 
ature on them is surprisingly small." 
.:l/Helen A. Schneider, "The Place of Workbooks in the Teaching of 
Arithmetic, 11 Arithmetic 1948, ed. G. T. Buswell, The University of 
Chicago Press, 1948, p. 54. 
Gates approved of these printed work-type materials from the point 
of view of econonw. He quotes Thorndike as saying: 
"On the whole, the improvement of printed directions, state-
ment of facts , exercise books and the like, is as important as 
the improvement of the powers of the teachers themselves to 
diagnose the condition of pupils and to guide their activities 
by personal means. Great economies are possible by printed aids 
and personal (teaching) should be saved to do what only it can do. 
A human being should not be wasted in doing what sheets of paper 
•••• can do. Just because personal teaching is precious •••• it 
should be saved for its unique work. 111/ 
Gates continues: 
"Oral teaching is slow and once given it is gone, whereas 
the printed word remains. When a lesson is in printed form the 
children can study it at any time or place and as frequently as 
necessary. In this way alone, the printed word saves an enormous 
amount of the teacher 1 s time. The material in printed form can 
be read by each child at the rate most suitable for him. While 
other devices have special merits for certain educational pur-
poses, none of them has proved to be nearly so self~ageable, 
so adaptable to individual needs, so generally useful and so in-
expensive as the printed word. In recent years, great progress 
has been made in developing printed materials to make learning 
more economical, enjoyable, and more richly self-educative."?/ 
Gates summarizes by saying: 
11A greater and more effective use of school books and printed 
materials designed to aid or wholly to enable the pupil to learn 
by himself what must otherwise be laboriously and expensively 
taught orally, has been advocated by experts in learning for a 
quarter-century. During recent years such materials have been 
vastly improved in usefulness and reduced in cost. They rep-
resent an equipment which schools should provide abundantly •••• 
printed learning materials instead of being an extravagance, is 
the most obvious and certain means of economizing without im-
poverishing education."2./ 
1/ Arthur I. Gates, "Printed Material: Economy or Extravagance? 11 Journal 
of the National Education Association (April, 1933), p. 123. 
g(Ibid., p. 123. 
2/Ibid. , p. 1.24. 
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Hurd wrote on the function of a workbook as an instructional aid. 
He said: 
"A properly developed workbook should help a pupil to select 
fundamentals and to concentrate his attention. It should direct 
him in his study procedures so that he mCliY arrive more surely at 
the goals of instruction. 
'~lhen a textbook-recitation scheme in its strict sense is 
used, lessons are assigned from the textbook by chapter, page or 
paragraph, the implication being that the pupil will study the 
material in order to learn what the author says and what he means 
by what he says. In addition, the pupil is sometimes expected to 
give back the gist of the material read. When work sheets are 
used, more specific reactions are required of the pupil. He has 
to answer specific questions. He is not allowed to slip over 
things so easily as he may if he merely reads the textbook. The 
job of writing out responses has a tendency to hold him more 
rigorously to specific reactions. "1/ 
Then Hurd offers these ideas with regard to the function of work-
books: 
"First, they are shown to be helpful to s orne teachers in 
increasing measured achievement. Second, they will not serve as 
a panacea to remedy all the inadequacies of present instruction. 
Third, they probably are particularly useful in directing the 
at.tentions of both pupils and teachers to specific items of know-
ledge, techniques and appreciations. In short, if the objectives 
are not in dispute, workbooks may serve as helpful aids in many 
cases. Furthermore, they may be greatly improved if their functions 
are clearly perceived and they are carefully planned to accomplish 
these purposes. 
'.rhe tendency of workbooks is to help pupils to help themselves 
(1) by showing them. tasks the accomplishment of which will help 
them in the achievement of the larger objectives of education and 
(2) by indicating the nature of the specific steps to be taken in 
the accomplishment of these tasks. "'Y 
1 A. W. Hurd, 11 The Workbook as an Instructional Aid," School Review 
October, 1931), 39:608-610. 
g/Ibid., pp. 615, 616. 
5 
In a later article, Hurd reports on the textbook versus work sheets 
in instruction. He states : 
"Ideally there need be no conflict between textbooks and work 
sheets. Each may wisely supplement the other. Perhaps the best 
scheme is one where the textbooks and work sheets are written pur-
posely to supplement one another. 
Work sheets will not overcome the defects of poor instruction 
but they may be helpful especially in directing teacher and pupil 
attention to the more important phases of the unit topic by call-
ing for definite, individual reactions to these phases. In some 
schools the differences clearly favor the work sheet plan; in 
others they favor just as clearly the textbook-recitation plan. 
On the whole, the margin is in favor of the work sheet plan. 
It is evident that it can not be said that in all cases a 
work sheet plan is superior to a textbook-recitation plan. It 
can be said, however, that work sheets are of use to many teachers 
in helping pupils to make more satisfactor,y achievement on a 
planned teaching unit such as that used. Experienced teachers 
may have developed certain procedures which, with them, work 
better than the outlined work sheet plan. Work sheets may be a 
positive detriment to s orne teachers in their teaching. It is 
probably safe to consider work sheets as aids which may be of 
service if they are used wisely, but which must be used with 
discretion in order to be of aid. There is opportunity for try-
ing work sheets in different ways in order to discover how they 
may be used to greatest advantage. Certainly more definite selec-
tion of objectives, represen~d in work sheets is desirable and 
greater success in securing more satisfying outcomes in order."!/ 
So far, the expressed viewpoints have been in favor of workbooks, 
even though the evidence to support these views is slight. In 1934 
Maxwell made a plea for more evidence on the value of workbooks in order 
to justify their expense for classroom use. She listed arguments for 
and against workbooks, the substance of which follows: 
"Arguments for workbook. 
1. It develops initiative and independence on the part of 
students--it raises questions for which students must attempt to 
find answers. 
1/A. W. Hurd, "A Textbook Versus Work Sheets in Instruction," Educational 
Administration and Supervision (December, 1931), 17:661-664. 
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2. It represents material in a definite sequence--more so than 
the supplementary vvork given by individual teachers. Its use makes 
it possible to require the same minimum amount of material from 
each student--provides opportunity for the more able students to 
explore a given unit more extensively. In many workbooks tests are 
outlined at definite periods and the teacher has a reliable check 
on the amount of material that a class should have covered at any 
definite period. 
3. A workbook that has been outlined to accompany a particular 
text assures that the class which uses the workbook will secure the 
point of view and cover the essential materials which the author 
intended to be the outcome from his textbooks. A teacher that does 
not use a workbook may not even present the ideas which the author 
wished to emphasize in his particular textbook. 
4. The use of the workbook reduces the labor of a teacher. 
It makes it possible for him to teach lar.ger classes with less ex-
penditure of energy. If it is necessary for him to develop his 
own supplementary and testing material, much time and effort may 
be wasted. In fields in which a large amount of drill is necessary, 
a workbook that contains supplementary exercises makes it possible 
to outline the supplementary drills that ought to follow the pre-
sentation of any principle. 
Arguments against workbook. 
1. It does not develop initiative and individuality--it tends 
to stultify originality and independence in thinking. 
2. Its use tends to minimize individual differences--all do 
the same exercises. 
3. The testing material tests teaching of textbook material, 
rather than development of children through their own experiences-
tends to stress memorization of facts rather than the elaboration 
of principles. 
4. Teacher tends to follow the workbook slavishly and to 
abrogate his position to the workbook. "Y y 
These conflicting opinions on the value of workbooks led Maxwell 
to point out the need for careful investigation. She states that school 
administrators should not be guilty of introducing a procedure that re-
quires a greater expenditure of public funds without at least having 
some scientific sanction for their action. 
yc. R. Maxwell, ''Workbooks A Recent Development," American School Board 
Journal (March, 1934), 88:16. 
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In 1938 Andreen reported a study on arithmetic workbooks for grades 
III-VI. Because it was one of the first, and one of the fern scientif'i-
cally conducted studies of appraisal of arithmetic workbooks, a rather 
complete coverage of the report is presented below: 
11The purpose was to determine the extent to which the content 
and the usage of these materials were in .accord with conditions 
currently accepted as being favorable to learning. 
Procedure: Twenty-eight specialists in the teaching of arith-
metic were consistent in pointing out thirteen features as essential 
characteristics of a workbook. They are: 
1. Instructions and directions for each lesson 
2. Clearness of statement and selection of vocabular.y 
3. Attractive make-up and appropriate illustrations 
4. Progress charts, or records of achievement 
5. Material of practical usefulness for maturity level 
6. Premium upon improvement, rather than upon achievement of 
a norm 
7. Diagnosis of individual weaknesses 
8. Flexible assignment of remedial work 
9. Problem--solving practice, as distinct from mere drill 
10. Drill material in fundamental processes of arithmetic 
11. Material based upon use. of experimental editions 
12. A definite system of drills , reviews, and tests 
13. Master.y tests to indicate the degree of attainment (based 
upon the establishment of a norm). 
These features which were judged by the specialists to be 
essential elements in a learning situation were set up as the basic 
criteria for objective analysis of the eighteen series of arithmetic 
workbooks. The claimed features (by the publishers) regarding learn-
ing outcomes were compared with the results reported in previous 
control group experimental studies and the features involving work-
book usage were compared with the findings in actual observation 
of classroom procedures by elementary school teachers. The claims 
relating to content and organization were compared with findings 
based upon data gathered through intensive analysis of the work-
books submitted by the publishers. 
Findings: 
The aims and the claims of workbook authors and publishers 
var.y widely and do not reveal any common basis for analysis and 
evaluation. There are no objective data regarding the conditions 
of learning provided within the features and organization of the 
workbook. A summary of the reported findings of 14 control group 
8 
experimental studies reveals that there is some agreement on this 
point only: that groups of pupils using workbooks in arithmetic 
make greater gains in learning than groups not using workbooks. 
There is no evidence that the use of the workbook creates a greater 
benefit for one degree of intelligence than for another.".!/ 
Commenting on the findings concerning content of the workbooks, 
Andreen says : 
"The results of analysis show that many of the workbooks in 
arithmetic are lacking in their provision for certain features that 
provide the conditions essential to efficient learning. The. pro-
vision for knowledge of the goal of the lesson and the provision 
for tests and measurements seem to be adequately accounted for in 
more than half of the workbooks examined. Recognition of factors 
in the selection and organization of subject matter has also been 
followed in a majority of the books analyzed. The greatest weak-
nesses in the workbooks were found to be in the provisions for 
motivation and in organization for recognition of individual dif-
ferences. Of the eighteen series of workbooks analyzed, only two 
series made provision for the motivation features judged to be 
essential. Even a partial provision for this condition was found 
to be lacking, with less than one-third of the workbooks recognizing 
isolated elements relating to factors of motivation. Only five 
series of workbooks, out of eighteen analyzed, were found to have 
provisions for both diagnostic and remedial work, features judged 
to be essential. A majority of the workbooks included in this 
analysis will find much room for improvement according to the 
criteria that have been outlined. "Y 
After examining the content of the arithmetic workbooks, Andreen•s 
study investigated the use of them in classrooms. He reports as follows 
on this phase of the study: 
"The observations of workbook usage reveal that very brief 
directions were given qy a majority of the teachers in making work 
assignments. In approximately one-fourth of the classes observed 
no direction was supplied by the teacher, pupils were merely told 
to ruse' their workbooks. In only a few of the classes was there 
any discussion of the topics included in the lesson. Among the 
total of forty-nine classes observed, only six teachers made any 
1/Earl P. Andreen, 11A Study of Workbooks in Arithmetic," Journal of 
Educational Research (October, 1938), 32:108-109. . 
3./Ibid., p. lll. 
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effort to review the work of a previous d~. In nearly all of the 
classes the presence of a workbook took the place of the teacher's 
verbal lesson assignment, reducing the teacher-pupil relationship 
to a minimum. 
In allnost half of the classes, pupils ask questions of the 
teacher. These questions were asked regarding the specific loca-
tion of the assignment in the workbook or the method of carrying 
out directions given in the book. While pupils were engaged in 
the workbook lesson fifteen of the forty-nine teachers were en-
gaged in activities with a group of pupils not supplied with work-
books. In only one-third of the classes observed did the teachers 
direct their efforts toward assisting pupils in performing their 
workbook assignments. Several teachers merely watched while the 
pupils were engaged in their exercises. Only one teacher made any 
effort to check the accuracy of the answers to the problems which 
were written in the workbooks. "Y 
Upon questioning teachers on their views on arithmetic workbooks, y 
Andreen found (as did Maxwell) wide disagreement among them. He writes: 
"Teachers have expressed ideas and opinions regarding the use 
of workbooks which are, in many cases, opposite in their contention. 
To one group the workbooks represent merely a series of convenient 
tasks and exercises, the doing of which is to be rigorously directed 
by the teacher. To the other group, the workbook is a service tool 
to be used by the student in ways dictated by his individual needs 
and desires. The issues arising here suggest fundamental conflicts 
of view that perhaps trace faintly the evolutionary conflicts now 
in progress in the schools. "J/ 
Andreen summarizes his study with these points: 
"The results of analysis show that a majority of the workbooks 
published are lacking in their provision for certain essential 
features that supply the conditions of efficient learning. Teachers 
must be made aware of this fact. The workbook selected at random 
can not be depended upon to set a learning pattern for its own use. 
The findings of this study indicate that there is a great dif- · 
ference in the character and C]l.l.ality of workbooks. The study re-
veals further that only a small percentage of the workbooks can be 
1/Earl P. Andreen, op. cit., p. 114. 
yc. R. Maxwell, op. cit., p. 16. 
2/Andreen, op. cit., p. 116. 
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characterized as self-administering materials. Controlled observa-
tion of the classroom usage of these materials, however, reveals 
that a majority of teachers depend upon them to the extent that 
their own personality is almost entire~ removed from the teaching-
learning situation. Analysis of the content of workbooks gives 
evidence that these printed materials are not capable of providing 
this situation. Teachers who assign the teaching function to a 
printed page within a workbook are not giving the optimum of learn-
ing service to their pupils. 11 / y 
In effect, Andreen says that most of the workbooks studied for 
content did not satisfy the proposed standards and that most of the 
teachers observed using them did a poor job of it. The one positive 
statement Andreen makes in defense of workbooks--that groups of pupils 
using them in arithmetic make greater gains in learning than do groups 
not using them-is of little significance. This very statement is 
challenged by Schneider vfho asks about the nature of these gains, 11Were 
they increased understandings, increased competency in computational 
skill or just what? 11 Schneider continues, 11 Until we know more specifi-
cally what the nature of these gains in learning was, we can scarcely 
21 
draw valid conclusions from thi$ part of the study. 11 
In explaining why the workbook came into disrepute, Schneider says, 
"They were a boon to the teacher to whom oral presentation 
came hard, or to the teacher who had difficulty in holding the 
interest of his class. They were so easy to put into practice and 
involved no mastery of new teaching techniques. They were also an 
effective means of keeping a class busy and reduced teaching to a 
supervisory function."!±/ 
1/Andreen, op. cit., p. 114. 
?}Ibid., p. 114. 
2/Helen A. Schneider, op. cit., p. 54. 
But it must be understood that Andreen 1 s study was made at the 
time (1938) when workbooks were largely drill materials. They have 
changed since then. And, as Schneider says, 
"In these days of in-service training, of the wide accept-
ance of the meaning theory, and of the recognized improvement of 
textbooks J another such study vTOuld, or at least should, reveal 
a somewhat different picture. Most of us will agree, no doubt, 
that there has been a definite improvement in arithmetic textbooks 
in the last ten years, and, as most of the authors who write text-
books also write the workbooks, this improvement has been reflected 
in the workbooks. 11J} 
Brueckner and Grossnickle see value in these new and improved work-
booY~. They state: 
11The effective use of well-constructed workbooks by teachers 
who understand their functions as well as their possible limita-
tions is an important factor in the guidance of the learning 
activity •••• A good workbook in the hands of a skillful teacher is 
an invaluable instructional aid."?:/ 
Recognized improvements in workbook materials and the favorable 
acceptance of them by educators indicates the need for further research 
on this matter of the value of workbooks in the teaching of arithmetic. 
In judging the value of workbooks and work sheets in the teaching 
of arithmetic, two things must be considered: their content and their 
use. These two aspects constituted the study made by Andreen. A pre-
sentation, then, of some authoritative views on workbook content might 
serve as a guide in the selection or preparation of workbook materials. 
AndJ since well-constructed workbooks obviously will not guarantee 
success in learning if they are not properly used, some suggestions on 
1/Schneider, op. cit., p. 54. 
y'Leo J. Brueckner and Foster E. Grossnickle, How to Make Arithmetic 
Meaningful, John C. Winston CompanyJ Chicago, 1947, p. 496. 
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their use might help in making them more effective teaching aids. 
Content of workbooks.-- Brueclmer and Grossnickle describe work-
books as follows: 
11Some workbooks are designed to accompany a given textbook; 
others, especially for the primary grades, supply basic materials 
without reference to any particular textbook. The better work-
books are so well organized and prepared that they are practically 
self-instructive and their use enables the teacher to adapt in-
struction to the needs, rates of learning, and interests of indi-
vidual pupils. They provide excellent materials to establish 
meanings. Less desirable workbooks merely include a mass of 
miscellaneous drill material which is so poorly organized and 
arranged that it is practically impossible to adapt instruction 
to individual differences. The result is essentially 1busy work'.'!/ 
Then Brueckner and Grossnickle advise that: 
"There is real danger that the use of these inferior kind of 
workbooks will lead to isolated and meaningless drill assigned in-
discriminately as a form of busy work. In so far as possible, 
practice based on materials in workbooks should grow out of needs 
derived from meaningful experience, or be readily integrated with 
such experiences. 
The elimination of workbooks that are mere compilations of 
routine drill exercises, which are to be assigned as 1 busy work• 
should be the teacher's goal. wy 
With regard to criteria for the evaluation of workbooks, Brueckner 
and Grossnickle state, "the criteria to be considered in evaluating 
workbooks should be formulated in terms of the functions they should 
~ y 
serve." The authors refer to the criteria set up in Andreen's study. 
Then Brueckner and Grossnickle propose the following standards for 
1/Brueckner and Grossnickle, op. cit,. , p. 4 93. 
g/Loc. cit. 
~Loc. cit. 
~Andreen, op. cit., pp. 108-122. 
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workbook materials: 
111. They should be so organized that the purpose of the mate-
rial is evident to the pupil. 
2. The activities involved should be related to socially de-
sirable objectives and should be vital and meaningful to the 
children. In addition to well- organized materials dealing with 
arithmetic computations, workbooks also should include practice 
exercises in the interpretation of quantitative materials, in-
cluding vocabulary exercises, reading exercises on steps in 
problem solving, practice on the interpretation of graphs, tables, 
and charts, and simple social applications of number processes. 
These are especially useful in teaching slow-learning pupils or 
pupils experiencing difficulty. 
3. These materials should be so organized as to assist the 
teacher to make definite and effective provision for differences 
in the needs, ability, and rate of learning of the pupils. The 
materials in the workbook should be presented so clearly and simply 
that the average pupil can advance at his own rate with a minimum 
of help from the teacher. This is especially necessary in schools 
in which extensive use is made of experience units, and where it 
is desired to individualize instruction on the basic number skills. 
Greater efficiency of classroom management will result if well-
graded practice materials which need not be copied by the pupil 
are ready for use. Assignments can be made quickly. The avail-
ability of anm'lers means that the pupil can mark his own work and 
diagnose his own errors. This also saves much time for the teacher 
which can be used for more important purposes than marking papers. 
4. Workbooks should include reliable devices by means of 
which the teacher and the pupil can locate .strengths and weak-
nesses in particular areas of arithmetic. The more specific the 
diagnosis, the more likely it is that underlying causes of de-
ficiency can be identified. A workbook should include inventory 
tests of the work of the previous grade and practice exercises 
to eliminate weaknesses revealed by these tests. These should be 
geared to one another. A workbook should make available to the 
teacher and pupil a graded series of practice exercises with 
necessary but abbreviated explanations covering new work, and 
keyed diagnostic tests with related remedial exercises on all new 
work. A workbook also should provide a series of progress tests 
to be administered at frequent intervals, say every four weeks, 
to enable both teacher and pupil to see what progress is being 
made. This information is a very valuable kind of motivation for 
practice, and it sets meaningful goals for the learner. It enables 
the teacher to discover pupils who require special help. 
1 4 
5. Workbooks should provide a wide variety of developmental 
and remedial materials of demonstrated value which may be used as 
the need arises in the light of a diagnostic analysis. The keying 
of diagnostic tests to instructional materials and remedial prac-
tice in the workbook facilitates a self-directed attack by the 
pupil on his particular difficulties and assists the teacher to 
adapt the work to the needs of each individual.".!/ y 
Schneider, like Brueckner and Grossnickle, points to the vari-
ability in workbooks: 
11A careful examination of the many available materials on the 
market today would reveal that workbooks range from excellent to 
poor. Some workbooks are designed to accompany a given textbook. 
Some are not keyed to an arithmetic series and can be used with 
any basal textbook. Others, especially those for the primary 
grades, supply basic materials without reference to any particular 
textbook. 
The better workbooks are so well organized and prepared that 
they are practically self-instructing and their use enables the 
teacher to adapt instruction to the needs, the rates of learning, 
and the interests of individual pupils. Such workbooks provide 
excellent materials for establishing meanings, for they include 
functional illustrations and full explanations. Through meaning-
ful experiences with numbers, they direct the pupil toward a 
known goal. Many of them strive to combine the advantages of the 
textbook and the workbook by transforming the explanations into 
demonstrations which leave the pupil into discovering for himself 
new meaning and new significance in arithmetic. They provide an 
abundance of balanced, orderly practice material, in addition to 
the practice material in the basic textbook. The better workbooks 
also provide practice exercises in the interpretation of quantita-
tive materials, vocabulary exercises, reading exercises on steps 
in problem solving, and a good testing program. 
Less desirable workbooks merely include a mass of miscellaneous 
drill material, poorly organized and arranged, with little or no 
material to establish meanings. It is thus almost impossible to 
adapt such isolated and meaningless drill items to any arithmetic 
program. 
i/Brueckner and Grossnickle, op. cit., pp. 498-499. 
?:/Loc. cit. 
j_S 
The workbook is not a panacea for all ailments. It is a 
unique kind of self-instructing supplementary arithmetic adaptable 
to many techniques that can not be used in a textbook."1/ 
According to Schneider, the workbook can be an invaluable aid to 
the teacher in achieving the objectives of arithmetic: 
111. by providing self-instructing supplementary material de-
signed to develop meanings, to develop skills, to maintain skills 
and meanings once developed, and to develop ability in problem 
solving. 
2. by helping the teacher adapt the instruction to the needs, 
the rates of learning, and the interests of individual pupils; 
3. by helping develop in the pupil a sense of personal 
responsibility."?:/ 
How the materials contained in workbooks can help in developing 
meanings and skills is shown by Schneider: 
"Developing meanings 
One goal might well be the understanding of the number 
system and the rationale of the computational processes. Although 
the initial explanations of the number system will be given by the 
teacher or by the teacher with the assistance of the textbook, a 
great deal of practice on these meanings is necessary. The better 
workbooks provide this practice on the understanding of our number 
system •••• the workbook serves to redevelop the concepts and pro-
cesses which are taught in the textbooks. · Although the subject 
matter is not basically different, the workbook often approaches 
meaning in a new way. It serves to throw new light on familiar 
subject matter •••• the workbook provides the needed practice on 
meaning. 
Developing skills 
Another goal is efficiency in the performance of the com-
putation itself. 
Another important work study skill is the reading and inter-
pretation of graphs, charts and tables. A great deal of practice 
is necessary if this skill is to be well-developed. Again, the 
1/Schneider, pp. cit., p. 54. 
,YLoc. cit. 
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workbook is more adaptable than the textbook to supply this prac-
tice because of the size of the page. Many more and different 
kinds of graphs, charts and tables can be included, and they can 
be made larger and sometimes more appealing to the children. The 
practice in quantitative thinking involved is invaluable, for 
example, rounding off numbers and comparing them in different ways. 
Maintenance of skills 
A good workbook will have several types of exercises to in-
sure the maintenance of skills and facts •••• a review periodically 
of a single process or type of process. Frequently, at the end 
of each section of the workbook, a checking up exercise provides 
a cumulative review for the pupil, a sampling of the most important 
skills up to that point help him to discover whether he still has 
any weaknesses which need attention. 
Few textbooks contain enough material to satisfy the needs of 
the average pupil in developing concepts and skills. 
Added emphasis on meaning requires more space in texts for 
meanings and functional illustrations with the result that much of 
the practice material is left out. 
To develop the skills, authorities agree, some practice is 
necessary. Practice serves a useful purpose in arithmetic learn-
ing. It helps to fix what has been learned and to maintain the 
learning at a satisfactory level. The workbook can be very helpful 
in the accomplis hrnent of the goal. 
If practice is necessary, the teacher must have practice 
material. Here the workbook fills a definite need~ "Y 
Then Schneider tells why teachers should be supplied with workbooks: 
11First, the great majority of teachers are not qualified to 
prepare such material (let authorities with scientific background 
do it). 
Second, teachers do not have the time •••• the workbook saves 
the time of the pupil as well as that of the teacher. Time spent 
in copying examples from the blackboard or textbook could be better 
spent on the practice itself. The greatest saving, however, is of 
the pupil's eyes. Copying either from the textbook or from the 
blackboard often involves eyestrain. In addition, copying examples 
incorrectly is eliminated--copying is not the goal or purpose of 
practice. It is not the function of the textbook to be a drill book. 
1/Schneider, op. cit., p. 54. 
Workbooks should be relied on to supply this need. 
kept at a minimum by the use of the workbook. "Y 
. y 
Copying is 
A comparison of Brueckner's and Grossnickle's opinions on what 
the desirable workbook for arithmetic should contain with Schneider's 21 
opinions, shows that generally they agree. These authors find many of 
the modern arithmetic workbooks to be well~constructed and based on 
the meaning theory which emphasizes the need for understanding as well 
as, and prior to, the need for practice. The thing that concerns these 
authors more than the content of the workbooks is the way in which they 
are used. As Schneider says, 
"The real issue is not whether to use a workbook or no work-
book but what is the desirable method of using the workbook •••• 
Much has been said about the place of workbooks in instruction-
what we really should condemn if the way in which workbooks are 
misused, as well as our failure to educate prospective teachers 
in their proper use."l±/ 
Similarly, do Brueckner and Grossnickle remark on this aspect of 
the workbook's contribution to learning: "It unfortunately is true that 
21 
workbooks and similar prepared practice materials are often misused. 11 
Use of workbooks.-- Turning then to some suggestions for improving 
the use of workbooks, Brueckner and Grossnickle offer these: 
11Some teachers apparently believe that adjustment of instruction 
and materials to individual differences is not desirable. All pupils 
are assigned the same practice exercises in workbooks despite the 
1/Schneider, op. cit., p. 54. 
g/Brueckner and Grossnickle, op. cit., p. 498. 
2/Schneider, loc. cit. 
2/Brueckner and Grossnickle, op. cit., p. 496. 
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fact that their weaknesses and the causes of the weaknesses may 
differ. To have all pupils, irrespective of their difficulties, 
perform the same exercises is a 'shotgun' approach similar to that 
used by the primitive medicine man. To make effective use of 
workboolre and practice materials, the teacher should first make a 
careful study of the individual pupil to discover his needs and 
the type of instruction necessary to eliminate his weaknesses. 
Of course, pupils having similar deficiencies can be taught as a 
group. 
Some teachers apparently regard a workbook as a panacea for 
all ailments. They never deviate from the order of the workbook 
and never go beyond it. Unfortunately, a workbook does not include 
exercises that will remove the causes of difficulty. For example, 
a pupil who does not know how to do the computations that appear 
in practice exercises should not be given an assignment in a work-
book until the necessary help has been given. Similarly, if he 
has a visual defect, this should be corrected before intensive 
practice is done. 
Workbooks also are often not very interesting to the pupils. 
The teacher, therefore, must take steps to develop a desire on the 
part of the pupil to do the practice exercises in the workbook. 
The successful use of workbooks and prepared practice exercises 
thus requires the teacher to supplement the text with a variety 
of experiences, materials, exercises, and methods adapted to the 
needs of the individual. 
Some teachers apparently believe that assigning a large amount 
of drill guarantees that effective learning will take place. The 
fact is that unguided drill actually strengthens inefficient habits 
and skills, because the pupil repeats the same errors and faulty 
procedures again and again with no improvement in performance. 
For example, it is practically certain that a pupil who through 
lack of understanding of the process uses an incorrect roundabout 
procedure in working examples in substraction will not hit upon the 
correct method of work independently. Unless the teacher discovers 
his fault through careful diagnosis and the correct procedure is 
understood before practice is assigned, the practice will be use-
less and perhaps actually harmful. 
The kind of motivation used is also an important consideration 
in the use of workbooks. Some arithmetic workbooks provide a means 
of keeping a graphic record of performance to show the progress 
made in computation and problem solVing. But because of the un-
standardized and variable nature of the materials and tests on 
which the scores are sometimes based, they are not directly com-
parable and hence the ratings derived from them are not dependable 
or reliable. Even when extrinsic methods of motivation as progress 
i9 
graphs are used, the teacher should stress the value, importance, 
and the necessity of the remedial measures and practice. Because 
of their intrinsic nature, the satisfaction and enjoyment to be 
derived from improved skill in arithmetic are inherentlY much more 
valuable sources of motivation than progress graphs. If the chil-
dren can see the need for practice on exercises in workbooks that 
emerges in the ongoing activity of the class, the practice obviously 
will be more purposeful and meaningful than if it is assigned ar-
bitrarily without showing the children its necessity and purpose. "Y 
Schneider suggests the following points on the use of workbooks: 
11The workbook is the pupil's book. If it is to be really 
effective, the pupil must understand it, and be able to use it for 
himself. 
Short, frequent practice periods are the most effective. 
Drill must follow and not precede understanding. 
When a topic in the workbook is assigned-have the pupils 
look over the assignment and discuss any questions that may be 
raised. After the assignment is completed--check. 
The child can check his own, or the children can check each 
other's, or the teacher can check. It doesn't matter so much. 
But be sure to check immediately after or very soon after lesson--
in two or three days lesson gets cold. 
Self-analysis of errors. 
If the lesson is to be of any value, each child must analyze 
his mm errors and do something about them •••• He should lmow what 
his errors are and correct them--Leave the example as it was origi-
nally worked in the workbook--let the teacher see it-pupil can make 
correction on a piece of paper, then both can refer to the original 
work if necessary. 
If checking is to be effective, the child must lmow specifi-
cally what the error is and why it is wrong. Have pupil tell about 
it and the teacher can discover what the pupil is thinking about the 
example. Correct answers can often be secured by inferior methods. 
Children need to be shown and encouraged to use approved procedures. 
The teacher, far from being removed from the teaching-learning 
situation, must be in evidence more than ever. 
If possible, the teacher should see every child in the room 
who has made an error. If many are missing the same example, or 
making the same error, he can step to the board and explain it to 
the group as a whole. 
1/Brueclmer and Grossnickle, op. cit., pp. 496-498. 
20 
The procedure of analyzing their own errors must be taught to 
the pupils-it will require training and discussion to do this. 
Why should we correct mistakes, and how do we go about correcting 
them, etc. 
1. If copied, see if copied correctly. 
2. If not copied, see that directions have been followed. 
It is unwise to pass up the children who get 100. Question 
them on how they thought about the problem. They too might need 
help. 
Teachers learn much about the children by questioning them. 
The teacher's job is to help the pupil help himself. Unguided 
drill strengthens inefficient habits and skills--the pupil repeats 
the same errors and faulty procedures. 
Self-analysis makes for a more independent worker. Self-
evaluation is good--it provides one of the highest forms of motiva-
tion-the child can see his progress. 
Over-drill or under in workbooks. 
The question of amount of drill can be answered only by dis-
cussion with the group and conference with the pupil. If the pupil 
feels mastery--excuse him from drill • 
• • • • less drill is required to fix and maintain that which 
has been learned meaningfully than that which has been learned 
mechanically and without understanding. 
Developing other skills. 
The workbook can be depended on to supply practice to develop 
· understanding of the relationships of common fractions, decimal 
fractions and per cent, as well as to develop good judgment in using 
them. 
Developing abf+ity in problem-solving. 
Most children need to be taught the technique for attacking 
problems. Such a technique generally consists of a series of steps 
to be adopted in solving problems. The workbook is a great help 
here because the child can write out the answer to one step at a 
time. By giving the child a sample problem, the workbook shows 
how a logical analysis of the problem should be made. Then he is 
directed to work out problems in the s a.me way. 
One of children's difficulties in solving problems is that 
they cannot visualize the whole situation •••• Writing it out step 
by step, recording their thinking step by step, gives them the 
complete picture. The very act of responding physically to each 
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reasoning step is in itself a help. Some teachers have the children 
illustrate the problem, to get the complete picture •••• Simple illus-
trations which can be sketched in the workbook, give the children 
the complete situation. 
Adapting instruction to individuals • 
•••• some children will work independently of all others. The 
workbook can be of help here because it is self-instructing. 
The bright child can work ahead with the minimum of help from 
the teacher. A good workbook redevelops the concepts and processes 
for the slow child. Although the slow child can understand the 
relationships that are so quickly grasped by the brighter child, 
it takes longer for the slow child and he requires many more ex-
periences. The bright child can bridge gaps, but the slow child 
needs to have his attention directed to each neVI relationship. 
Because of this, certain types of materials are needed by children 
who learn readily. The workbook supplies this material. Although 
the subject matter is not basically different, there is no repe-
tition of textbook material because the workbook approaches mean-
ing in a new way •••• again, it serves to throw new light on familiar 
subject matter •••• provides a second meaningful treatment which 
helps the less able pupil to grasp ideas that he may have failed 
to understand • 
• • • • when pupils need simpler exercises than those provided 
in the workbook for the grade, the teacher should use materials 
found in workbooks for a lower grade level. Workbooks and text-
books with a range of at least three grades should be available. 
Use as reference books. 
Children frequently use the workbook as a reference book •••• 
to look up some topic already previously worked out. 
Developing a sense of personal responsibility. 
The workbook contributes to a sense of personal responsibility--
it has a psychological effect on the pupil. 
1. he is able to practice at his own rate of competence. 
2. the examples are arranged in such a manner that he must 
make his computations fit into an orderly pattern. (Great 
help in creating neatness in work--neatness tends toward 
accuracy.) 
3. there is less careless and indifferent work in a workbook 
as in loose unbound paper. 
Children should bring their workbooks with them when they 
have individual conferences with the teacher. Discuss the progress 
indicated. The children will be guided a great deal by what the 
teacher thinks of the book. If the teacher thinks it is important, 
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they will think so. If the teacher looks upon it lightly, merely 
as something the pupils do when the teacher is busy, they will not 
take much pride in the workbook. 
The workbook cannot take the place of real life experiences 
with arithmetic, nor the place of the individual conferences with 
children. When the teacher is trying to find out how a child is 
thinking about a particular number situation, the teacher must 
have him do his thinking out loud. 111/ 
In conclusion, Schneider emphasizes the importance of proper use 
of workbooks, 
"The final criticism, therefore, falls on the use of the work-
book--depends on the teacher using it. 
Workbooks should have a place in modern arithmetic teaching 
because they have a unique contribution to make to the learning 
process. However, the advantages likely to accrue to any school 
system from their use will be in direct proportion to the judgment 
displayed by administrators and teachers in selecting and using 
them."'1:/ 
Summ~.-- Workbooks and work sheets for arithmetic have become 
very popular in recent years. They were first used for the purpose of 
providing individualized drill on the arithmetic processes. Then, as 
the theory of making arithmetic meaningful became accepted, workbooks 
were constructed to correspond to the principles of this theory. At 
the present time, there is a wide variety of workbooks and work sheets 
for instruction in arithmetic. Some are valuable teaching aids; others 
are not. The value of workbooks and work sheets for arithmetic depends 
on two things: content and use. Desirable workbooks contain developmental 
materials to establish and clarify meanings, and also some practice ex-
ercises to strengthen skills. Undesirable workbooks merely contain drill 
material. In order to derive value from good workbooks, proper use must 
be made of them. 
i/Schneider, op. cit., p. 54. 
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CHAPTER III 
PLAN OF THE STUDY 
Procedure for construction of materials.-- The purpose of this 
study was to design developmental and practice materials to accompany 
the third grade section of the arithmeti c ~uide of Newton, Massachusetts. 
The following steps were taken in the preparation of these materials: 
1. The Selection of Concepts and Skills 
The list of concepts and skills for Grade 3 in the Guide were 
studied and from this list were selected those concepts and skills which 
were suitable for work sheet presentation. Other concepts and skills, 
such as those involved in measurement, in social experiences, in informa-
tional experiences, in integrated learning experiences, and in real prob-
lem solving, which are better presented by methods and materials other 
than work sheets, were omitted. 
The complete list of concepts and skills for Grade 3 in the Guide 
is given below. The concepts and skills which are marked with a star 
are the ones selected for the work sheet materials. 
Concepts and Skills 
Counting 
*1. We can count by 1 1s, 2's, 3 1s, 4 1s, 5's, and 10 1s, as far as we 
need. 
2. We can count by halves, thirds, fourths, and fifths, as far as 
needed. 
24 
Reading numbers 
*1. We can read Roman numbers through XII. 
{~2. We can read numbers through 9999. 
*3. We can read dollars and cents, as needed. 
*4. We can read fractions through fifths. 
*5. We can read mixed numbers using halves, thirds, fourths, and 
fifths. 
Writing numbers 
*1. We can write all the numbers that we can read. 
Recognizing or identifying numbers 
*1. We can recognize small quantities, less than five, in random 
groups. 
2. We can identify diagramed numbers arranged in standard groupings 
of tens and ones, or hundreds, tens, and ones, up to 1000. 
{1-J. We can identify diagramed fractions and mixed numbers (circle, 
rectangle, number scales), (halves, thirds, fourths, and fifths, 
only). 
Number meanings and relationships 
A. Understanding of 10 as the base of our number system 
i~l. We understand that 100 is 10 tens; 200 is 20 tens; and so 
on, to 900 is 90 tens. 
2. We can make a diagram of any two-, three-, or four-figure 
number, to show the meaning of each figure. 
*3. We understand the use of zero as a place holder and as a 
number symbol meaning "none 11 • 
4. We understand the way our numbers in the number series go 
in cycles of ten, the "teens 11 , the twenties, the thirties, 
and so on. 
B. Numbers in series 
1. We understand the number series as a scale of intervals be-
ginning with zero and going as far as we can count. 
~~2. We can count on this scale by whole numbers and by certain 
fractions (halves, fourths, thirds, fifths). 
*3. We can find mixed numbers such as 2 3/4 accurately on a pre-
pared number scale. (See pp. 189-190.) 
4. We understand the two uses of serial counting. 
a. to find the relative position of something in an orderly 
arrangement 
b. to find exactly the number of things in a group or in an 
orderly arrangement of groups. 
(Note: See Mathematical Experiences, Grade I, pp. 51-57.) 
C. Comparison of numbers and parts of numbers 
1. We can make a close guess about how much or how many, up to 
9999. 
2. We can tell which of two numbers under 9999 is larger or 
smaller. 
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-i*"3. We can tell exactly how much larger or smaller one whole 
number is than another when the larger number is not more 
than 9999. 
*4. We can tell the larger and smaller of two fractions or mixed 
numbers (within the limits for third grade). 
D. Relationship ideas 
*1. We see that subtraction is the opposite of addition. 
*2. We see that division is the opposite of multiplication. 
*3. We see that carrying in addition is a wa:y of changing ones 
to tens, tens to hundreds, and hundreds to thousands. 
1*"4. We see that borrowing in subtractions is the opposite of 
carrying in addi tion. 
1*-5. We see that multiplication :is a quick way to add a number to 
itself over and over again. 
~~6. We see that division is a way of measuring one number with 
another. 
*7. We see that division is a quick way of subtracting one num-
ber from another over and over again. 
8. We know the relationship between ounce and pound; pounds and 
ton; pound, half-pounds, and quarter-pounds. 
-::-9. We know the meaning of simple unit- and multiple-fractions 
through fifths. 
Addition 
-~1. We know the 100 addition facts. 
~*-2. We know that certain addition and subtraction facts and certain 
multiplication and division facts are related and can be shown 
in 11families 11 • 
*3. We can add by endings. 
~~4. We know the upper decade facts, and their relationship to the 
primary facts. 
"~ *"5. We can do single-column addition, without bridging. 
-l<6. We can do single-column addition, with bridging. 
~<7. We can do two-column addition, with bridging. 
*8. We can do two-column addition, with no carrying. 
i~9. We can do two-column addition, with carrying. 
"'A-10. We can do three-column addition, without carrying. 
~~ll. We can do three-column addition, with carrying from ones to tens 1 
and tens to hundreds. 
~tl2. We can add dollars and cents. 
~'13. We can make a close guess of a sum, by using the nearest num-
bers ending in 1, 2, or 3 zeros; that is, we can estimate by 
the single-approximation method. _ 
14. We can estimate also by the "bracket" method (optional). 
~~15. We can check addition, by adding in the opposite direction. 
16. We can double check, by repeating the work. 
-><17. We can add columns, with these limitations: five addends of 
one-figure numbers. (Exception noted in Multiplication Experi-
ences, pp. 174-175, four addends of two- and three-figure numbers.) 
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18. We can make an addition chart of the facts we know. 
~~19. We can add dollars and cents, with above limitations as to 
number of figures. 
Subtraction 
~~1. We know four uses for subtraction, to find: 
a. How many are left 
b. How many are gone 
c. How many more or less 
d. Vfuat is the difference. 
~~2. We know the 100 subtraction facts. 
-l~3. We know that addition and subtraction facts are related, and 
can be shown in families. 
-l~4. We can subtract two-figure numbers, without borrowing. 
-l~5. We can subtract two-figure numbers from three-figure numbers, 
without borrowing. 
*6. We can subtract three-figure numbers from four-figure numbers, 
without borrowing. 
-."r7. We can subtract three-figure numbers from four-figure numbers, 
with borrowing. 
*8. We can subtract dollars and cents, with above limitation. 
*9. We can make a close guess of a difference, by using the nearest 
numbers ending in 1, 2, or 3 zeros; that is, we can estimate by 
the single approximation method. 
10. We can estimate, also, by the 11 bracket 11 method (optional). 
11. We can double check, by repeating the work. 
*12. We can subtract from numbers which have final or middle zero 
figures. 
13. We can use our addition chart in reverse, to find our subtraction 
facts. 
Multiplication 
*1. We know a limited number of the primary multiplication facts. 
(See chart on page 176.) 
-ll-2. We know the reversals of each multipli cation fact of item one. 
-ll-3. We know that the product of 0 a nd any number is 0. 
-l~4. We know that the product of 1 and any number is the number. 
-l~5. We can multiply two-figure numbers by one-figure numbers without 
carrying (limited by primary facts we know). 
~~6. We can multiply two-figure numbers by one-figure numbers with 
carrying (limited by primary facts we know). 
"~~7. We can multiply three- figure numbers by one-figure numbers 
without carrying (limited by primary facts we know). 
*8. We can multiply three-figure numbers by one-figure numbers with 
carrying (limited by primary facts we know). 
"~~9. We can multiply with zero in the multiplicand. 
10. We can multiply dollars and cents with above limitations. 
(See Number Meanings and Relationships.) 
11. We can make a multiplication chart of the facts we know. 
-l~l2. We can estimate by the single-approximation and 11bracket 11 methods. 
~Bracket" method optional.) 
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Division 
-:<-1. We know a limited number of the primary even division facts. 
(See chart on page 181.) 
*2. We know the reversals of each division fact of item one. 
~~'-3. We know that zero divided by any number equals zero. 
~*"4. We know that any number divided by 1 equals the number. 
-1~5. We can do even division of two-figure numbers using facts we 
have learned. 
-l~6. We can do even division of three-figure numbers using facts we 
have learned. 
7. We can divide dollars and cents under above limitations. 
i~8. We can find 1/2, 1/3, 1/4, 1/5 of appropriate onery two-, and 
three-figure numbers. 
9. We can use our multiplication chart in reverse to find the even 
facts in division. 
~<-10. We can prove division answers by multiplication or by repeated 
subtraction. 
-:<11. We know the division signs. 
~<-12. We can divide multiples of ten by one-figure divisors (limited 
by the even division facts we know). 
-><-13. We know the division facts in families. 
~<-14. We can divide three-figure numbers by one-figure numbers when 
the hundred 1 s figure is smaller than the di via or (limited by 
the division facts we know). 
-ll-15. We can estimate by the single-approximation and "bracket 11 methods. 
("Bracket" method optional.) 
Fractions 
-l<-1. We know the meaning of one half of a number. 
-:<-2. We can find a half of a one-, two-, or three-figure number (even 
division only). 
-l<J. We know the meaning of one third of a number. 
-l~4. We can find one third of a one-, two-, and three-figure number 
(with above division limitations). 
-lfj. We know the meaning of one fourth of a number. 
i<-6. We can find one fourth of a one-, two-, and three-figure number 
(with above division limitations). 
i<-7. We know the meaning of one fifth of a number. 
·k8. We can find one fifth of a one-, two- , or three-figure number 
(with above division limitations). 
-::-9. We know t he meaning of 2/3, 2/4, 3/4, 2/5, 3/5, 4/5, 5/5, 4/4, 
3/3, 2/2, 1/1, as a number of equal parts. 
-l<-10. We know the meaning of mixed numbers. 
i<ll. We can locate mixed numbers or fractions, such as 2 3/4, 3 2/5, 
4 1/2, 1 2/3, 3/5, 1/4, 2/3, etc., on a prepared scale. (See 
page 189.) 
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Decimals 
-lrl. We can read and write dollars and cents as needed. (See addit ion, 
subtraction, multiplication, and division.) 
Measurement 
1. We know how pints, quarts, and gallons are related. 
2. We can change pints to quarts and quarts to pints. 
3. We can change quarts to gallons and gallons to quarts. 
4. We can measure in inches, feet, and yards. 
5. We lmow how inches, feet, yards, and miles are related. 
6. We can change feet to yards and yards to feet. 
7. We can find the day of the month on the calendar. 
8. We can read dates. 
{r9. We can tell time to the nearest five minutes. 
10. We see how time is measured by minutes, hours, days, weeks, 
months, and years. 
ll. We can use fractions in our measuring, such as 1/3 yard; 1/2 
quart; 1/2 dozen; 1/2 gallon; 1/4 hour. 
Graphs 
1. We can read and make bar, or broken-line, graphs as we need them. 
Denominate numbers 
1. We can change pints to quarts, quarts to pints (within limits of 
third-grade computational skills). 
2. We can change quarts to gallons (within limits of third-grade 
computational skills). 
3. We knO'fl that it takes 12 inches to make 1 foot. 
4. We know that it takes 6 inches to make 1/2 of a foot. 
5. We know that it takes 3 inches to make 1/4 of a foot. 
6. We lr.now that it takes 4 inches to make 1/3 of a foot. 
->.r7. We know the related values of all of the United States coins. 
8. We know the relationship between minutes and hours; hours and 
days; days and weeks; days and years; months and years; weeks 
and years. 
9. We can answer questions about coins such as: 
a. How many nickels are equal in value to a dime? 
b. How much is a nickel and a dime together worth in cents? 
c. What is the value in cents of 3 nickels? 
10. We know how to label the answers to problems. 
11. We ca...'1. add, subtract, multiply, and divide things of the same 
kind such as inches, feet, and other amounts of things (within 
the limits of third-grade computational skills). 
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Problem solving 
1. Vve can use numbers in weighing and measuring as needed. 
2. We can use money in buying and selling as needed. 
3. We can measure materials that we need. 
4. We can find the answer to one-step problems (real or imaginative). 
~~5. We can understand one-step problems that we read. 
6. We can estimate the ansvrer as a rough check before doing the 
work. 
7. We can tell whether an answer is properly labeled and makes 
sense."J/ 
2. The Stuqy of Methods of Presentation in the Guide 
A careful study was made of the methods suggested in the Guide for 
developing the concepts and skills. An important feature of the Guide 
is the pattern used in presenting development of the processes. The 
following explanation of this pattern is taken from the Guide: 
11An attempt has been made in this Guide to preserve a con-
sistent pattern in presentation of processes, in order that teachers 
of Grade III through VI might stress rather uniformly certain ele-
ments considered to be of common importance in a meaningful approach 
to the learning of processes and process steps.~~'?} 
Below is an outline of this pattern for process presentations with 
a sample use of the pattern for an addition example in Grade 3. 
11I. Esti.rnate of answ'fer. 
II. Distributive forms •• ;.in which the operation is carried out 
separately on the ones, tens, hundreds, etc., according to an 
application of the distributive law. The words, • ones •, •tens •, 
1 hundreds 1 , etc., are used in this step. 
III. Transition form •••• in which the work of Step II is repeated, 
using zeros for placeholders and appearing more nearly like the 
final or standard form, but with the results of all or nearly 
all of the operation steps recorded. 
IV. Final or standard form •••• the form commonly used for the process 
and considered to be the most economical of time and space. 
Practice in its use is to be encouraged just as soon as pupils 
llArithmetic in Newton, A Teachers' Guide, Newton Public Schools, 
Newton, Massachusett s, pp. 157-162. 
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understand the connection between recorded and unrecorded operation 
results and can perform the unrecorded operations mentally with 
reasonable accuracy (the operations of converting, commonly Y~ovm 
by the misleading terms of 1 carrying' and 1 borrowing' in addition, 
subtraction, multiplication, and division). 
Sample Uses pf the Pattern 
Example: 24 
-38 
I. Estimate (in tens) 
Single Approximation Method 
24 • • • • • • • • • • • • • 2 
fJ§. f!.± 
6 
Est. = 6 tens, or 60 
II. Distributive Forms 
(a) 24 = 2 tens f 4 ones 
J§. = 3 tens f 8 ones 
Ans. = 5 tens f 12 ones 
= 5 tens f 1 ten f 2 ones 
= 62 
III. Transition For.m 
24 
J§. 
12 • • • sum of the ones 
2Q ••• sum of the tens 
62 • • • swn of the two recorded results 
IV. Standard Form 
(b) 24 = 20 f 4 
J§. = 30 f 8 
Ans. = 50 f 12 
= 62 
24 Ones are added, but only two of the 12 ones are recorded. 
38 The other ten ones are changed to 1 ten, which is added mentally 
62 to the 2 tens and 3 tens to yield the recorded figure, 6 tens. "Y 
A special note on the importance of estimation, Part I in the pattern, 
is found in the Guide. 
110ne of the most important requirements of arithmetic learn-
ing under the meaning theory is that the learner see the mathemat-
ical sense of his work. 
i/Arithmetic in Newton, op. cit., pp. 20-21. 
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One of the most important outcomes of effective study of arithmetic 
is the ability to think quantitatively without resort to pencil and 
paper. Economic competence in conunon daily living demands much 
more quick determination of results 'in the rough' than it does 
exact figuring with pencil and paper. 
For ,both of the reasons given above, the development of ability 
to estimate is an extremely important objective. Teachers will 
find that est~nation is stressed in this Guide in all grades, with 
increasing emphasis at each higher grade."Ji 
In view of the value of a consistent pattern in presentation of 
processes, which is a meaningful approach, it was noted that the work 
sheets for presenting the processes should be constructed according to 
the pattern given in the Guide. Because of the particular emphasis on 
estimation in the Guide, provision should be made in the work sheets 
for study and practice in estimating answers. 
3. The Use of Additional Sources 
Arithmetic methods books were consulted to review basic under-
standings of our number system and to study the steps in the teaching 
of arithmetic. Arithmetic textbooks and workbooks for Grade 3 were 
consulted to study and compare the manner of presentation of concepts 
and skills. 
A list of the sources consulted in the preparation of the work 
sheets is given below: 
A Curriculum Guide for Primary Grade Teachers, 
State Department of Education, Massachusetts. 
Brueckner, Leo F., and Foster E. Grossnickle, How To Make 
Arithmetic Meaningful, John C. Winston Co., Chicago, 1947. 
YArithmetic in Newton, op. cit., p. 2.4. 
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• 
Brueckner, Leo F., and Foster E. Grossnickle, Arithmetic We Use-
Workbook Grade 3, John C. Winston Co., Chicago, 1943. 
Clark, John R., Arithmetic for Young America--Grade 3, with 
Teachers' Manual, World Book Co., New York, 1944 • 
Findley, W. C., J. W. Studebaker, and F. B. Knight, Arithmetic 
Workbook 3, Scott, Foresman and Company, Chicago, 1950. 
Stern, Catherine, Children Discover Arithmetic: An Introduction 
to Structural Arithmetic, Harper and Bros., New York, 1949. 
Upton, Clifford B., Arithmetic Grade 3, American Book Co., New York, 
1945. 
4. The Check of Arithmetic Reading Vocabulary 
11 
The Guide gives an arithmetic reading vocabul~J for third grade. 
The words used on the work sheets were checked with this vocabulary which 
appears below: 
amount 
Arabic 
borrowing 
bridging 
calendar 
carrying 
charge 
check 
column 
correct 
dates 
decade 
distance 
divide 
division 
endings 
equals 
estimate 
even 
exact 
fraction 
graph 
least 
length 
measure 
million 
multiplication 
multiply 
odd 
opposite 
practice 
price 
product 
prove 
rectangle 
related 
remainder 
repeated 
reverse 
Roman Numerals 
.JjArithmetic in Newton, op. cit., p. 156. 
rovt 
scale 
several 
thousands 
total 
triangle 
value 
width 
zero 
Abbreviations 
doz. mo. 
ft. pt. 
gal. qt. 
hr. yd. 
in. yr. 
mi. 
min • 
33 
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5. The Construction of the Work Sheets 
Eighty-seven work sheets were constructed for development and 
practice in the concepts and skills that were selected from the Guide. 
Below is a chart giving in the first column the concepts and skills; 
in the second column, the pages of the work sheets and the type of 
material: D meaning developmental and P meaning practice; and in the 
' 
third column, samples of the materials on the work sheets. 
CHART OF CONCEPTS AND SKILLS FOR WORK SHEETS 
D = Developmental, P = Practice 
Concepts and Skills Page Samples of Materials 
I. Counting p Put the right missing number in its 
by l's, 2 1s, 3's, place 
4 1s, 51s, and 10 1s 1 5 10 15 25 30 
I I. Meaning of numbers p 227 is _hundreds, tens and one 
--
s. 
in hundreds, tens, 
and ones. 2 6 hundreds, 2 tens and 5 ones = 
II I. Addition p Use the chart to find the answers. 
A. Addition E~eriences 
1. Using an addition 7 t 5 = - 2 1- 9 = 5 1- 6 --fact chart. 3 - --
2. Adding an unseen p Think 5. Add it to each of these 
number to a seen numbers. 
number. 
5 2 1 9 3 6 8 
4 10 
3. Same as above p Same type material as above, plus 
plus single 9 6 
column addition Find the sums 0 3 
5 
...2. 2 
-
4. Adding by endings p Find the sums. 
4 14 24 34 44 54 64 
6 ..12. _jj_ ..12. _jj_ ..12. ..i:i ..i:i 
D = Developmental, P = Practice 
Concepts and Skills 
5 • Bridging in 
addition. 
B. Addition Process 
Experiences 
1. Single column 
addition 
Page 
D 
7 
p 
8 
2. Estimating with ~ & P 
2-figure 
numbers 
9,10 
3. Adding 2-figure D 
numbers without 
carrying. 
11 
Samples of Materials 
Draw bridges on the number scale for 
these examples. 
7 17 27 37 
...1:1...1:1...1:1..i1. 
Find the sums 
3 
of these examples. 
8 
9 3 
5 6 
7 
...2. 
.Jr. 
58 - - - _ tens 71 - - - _ tens 
Estimate the 
answers. 
17 .•. - tens 
20 .•. _ 
61 ••. -
52 Developed in 4 parts. 
14 1. Estimate 
~ 2. Distributive forms 
3. Transition form 
4. Standard form 
est. -
P Estimate. Use the short way to add. 
4. Estimating with 
3-figure num-
bers in addi-
tion 
12 
D&P 
13 
5. Adding 3-figure D 
numbers without 
carrying 
14 
33 
54 
21 
est. = 
472 ••• ___ hundreds 
326... hundreds 
Write the estimated 
answer. 
est. -
11 
82 
~ 
372 
215 
402 
304 
183 
412 
Developed in 4 parts 
1. Estimate 
2. Distributive forms 
3. Transition form 
4. Standard form 
est. 
35 
36 
D = Developmental, P = Practice 
Concepts and Skills Page Samples of Material 
Adding 3-figure p Estimate. Use the short way to add: 
numbers without est.= est.= 
carrying 213 408 
142 271 
15 320 320 
6. Adding 2-figure D $.18 Developed in 4 parts. 
numbers with .25 1. Estimate 
carrying .32 2. Distributive forms 
3. Transition form 
16 4. Standard form 
P. Estim~te and add: est,= 
(transition form) 42 
19 
.21. 
18 
80 
17 98 
p Estimate. Use short way to add: 
est.= est.= 
47 39 
18 26 14 
-
7. Adding 3-figure D 467 Developed in 4 parts. 
numbers with 189 1. Estimate 
carrying 2. Distributive forms 
3. Transition form 
19 4. Standard form 
p Estimate. Use the short way to add: 
est.= est.= 
156 484 
20 212. 269 
8. Adding ragged p Estimate. Use the short way to add: 
columns est.= est,= 
450 384 
7 212 
21 26 15 
-
I 
D = Developmental, P = Practice 
Concepts and Skills 
Adding ragged 
columns 
Ill. Subtraction 
A. Subtraction Ex-
periences 
1. Using the sub-
traction fact 
chart 
2. Understanding 
of the uses of 
subtraction 
3. Subtraction by 
endings 
Page Samples of Materials 
P Write the numbers in columns and find 
the sums: 
4 hundreds, 2 tens, 9 ones 
3 tens , 7 ones 
22 2 hundreds, 2 tens , no ones 
P Use the chart to find the answers: 
23 
D 
24 
D&P 
25 
p 
26 
D 
27 
p 
28 
11-3=_ 8-5 =- 7- 5 =-
a) Different types of subtraction 
problems 
b) Make up some problems to go with these 
examples: 10 $.18 9 
-4 -.13 ::2. 
Find the remainders: 
8 18 38 
-6 -6 -6 
The key fact is -
--
58 
-6 
78 
-6 
The remainders in each row will 
the same number. 
18 48 78 58 98 
-3 =.2. =.2. .=2 .=2 
Draw arrows on the number scale 
these examples: 
46 36 26 16 
-8 -8 -8 -8 
- - - -
The remainders in each row will 
the same number. 
24 34 64 84 94 
-6 -6 -6 -6 -6 
- - - - -
end with 
28 
=.2. 
for 
end with 
74 
-6 
-
37 
38 
D = Developmental, P = Practice 
Concepts and Skills Page Samples of Materials 
4. Understanding D&P Diagrams shmving 6 10 4 10 
that subtraction & -4 :12. -6 
is the opposite 10 6 10 4 
of addition Use addition faet chart to find sums. 
29 Then use it in reverse to find remainder s. 
B. Subtraction Process D&P 89 Developed in 4 parts 
Experiences -24 1. Estimate 
1. Subtracting 2- 2. Distributive forms 
figure numbers 3 •. Transition form 
without borrow- 30 4. Standard form 
ing 
p Estimate. Use the short way to subtract 
est.= est.= 
67 89 
31 -43 -26 
--
2. Subtracting a D 159 Developed in 4 parts 
2-figure number -64 1. Estimate 
from a 3-figure 2. Distributive forms 
number with 3. Transition form 
borrorci.ng 32 4. Standard form 
p Estimate. Use the short way to sub-
tract: est.= est.= 
134 247 
33 -72 -80 
3. Subtracting D 864 Developed in 4 parts 
3-figure nwn- -231 1. Estimate 
bers without 2. Distributive forms 
borrowing 3. Transition form 
34 4. Standard form 
p Est:iJnate. Use the short way to subtract: 
est.= est.= 
847 295 
35 -231 -133 
D = Developmental, P = Practice 
Concepts and Skills Page 
4. Subtracting 
2-figure num-
bers with 
borrowing 
(Practice in 
borrowing) 
5. Subtracting 
3-figure num-
bers with 
borrowing 
(Practice in 
borrmving) 
D 
36 
p 
37 
p 
38 
D 
39 
p 
40 
p 
41 
62 
-28 1-= 
Samples of Materials 
Developed in 4 parts 
l. Estimate 
2. Distributive forms 
3. Transition form 
4. Standard form 
43 = l~ tens f 3 ones = 3 tens f 13 ones 
= 30 f 13 
85 = = 
= 
76 = = 
= 
Estimate. Use the short way to subtract: 
est.= est.= 
53 86 
-27 -39 
723 Developed in 4 parts 
-189 1. Estimate 
2. Distributive forms 
3. Transition form 
4. Standard form 
hundreds tens ones 
536 = 5 f 3 f -6 
= 5 ~ 2 f 16 = 4 12 f 16 
Change other numbers like one above. 
Estimate. Use the short way to subtract: 
est.= est.= 
643 526 
-258 -197 
39 
D = Developmental, P = Practice 
Concepts and Skills Page 
V. Multiplication 
A. Multiplication Ex-
periences 
1. Meaning of 
D 
multiplication 42 
2. Developing 
recognition of 
number groups 
with c:hrcles 
3. Making number 
groups with 
circles 
4. Experience with 
zero facts in 
multiplication 
5. Facts about 
1 in multipli-
cation 
6. Multiplication 
facts about 2 
D 
43 
p 
44 
D 
45 
D 
46 
D 
47 
Samples of Materials 
A quick way of adding several equal 
numbers. 
2 f 2 f 2 f 2 f 2 f 2 = 12 
Six 2 • s are 12 • 
Write what these circle pictures show. 
0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 
0 0 0 0 0 0 0 
3 ones 0 0 0 0 0 0 
Make circles to show: 
2 threes 1 five 4 twos 
Score board ~ 0 0 0 0 0 0 0 0 
Add 9 zeros 0 f 0 f 0 f 0 f 0 f 0 f 0 
f0f0=9 
9 X 0 = 0 
(Using repeated addition to generalize 
the zero facts) 
Circle pictures with repeated addition 
to show facts. 
0 0 0 
ltltl = 3 
3 X 1 = 3 
Pictures with circles, and stars sho•ving 
facts and reversals. 
0 0 2 3 twos = 6 and 2 threes = 6 
002 3x2=6 *** 2x3=6 
0 0 2 .H .. jl j l 
'"' If' ;("' 
6 
40 
4 :1 
D = Developmental, P = Practice 
Concepts and Skills Page Samples of Materials 
7. Multiplication D Same type of material as above. 
facts about 
3 and 4 48 
8. Multiplication D Same type of material as page 47. 
facts about 5, 
6, 7' 8, 9 49 
9. Using the lim- p Find the answers in the chart. 
ited multipli-
cation fact 3x2= 5 X J = 2x4= 
- - -chart 50 
B. MultiElication D 32 Developed in 4 parts. 
Process Experi- x2 1. Estimate 
-ences 2. Distributive forms 
1. Multiplying 3. Transition form 
2-figure num- 4. Standard form 
bers without 
carrying 51 
p Estimate. Use the short wa:y to multiply. 
Check. est.;:: 
42 check 
52 x2 
- -
2. Multiplying D 314 Developed in 4 parts. 
2-figure num- x2 1. Estimate 
bers without 2. Distributive for.ms 
carrying 3. Transition form 
53 4. Standard form 
p Estimate. Use the short way to multiply. 
Check est.= 
223 check 
54 x2 
- -
v I. 
A. 
D = Developmental, P = Practice 
Concepts and Skills Page 
3. AddL~g a number P 
to a product. 55 
4. Multiplying D 
2-figure num-
bers with 
carrying 
56 
p 
57 
5. Multiplying D 
3-figure num-
bers with 
carrying 
58 
p 
59 
Division D 
Divisi on Experi-
ences 
1. Meaning of 
division facts 
60 
2. Dividing groups D&P 
of circles 
61 
62 
Samples of Materials 
Multiply and add 1 to the product. 
(3 X 3) t 1 = (3 X 2) t i ~ 
-- --
36 Developed in 4 parts. 
x2 1. Estimate 
-- 2. Distributive forms 
3. Transition form 
4. Standard form 
Estimate. 
Check. 
Use the short way to multiply. 
316 
x2 
-
est.= 
37 
x2 
Developed in 4 parts. 
1. Estimate 
2. Distributive forms 
3. Transition form 
4. Standard form 
check 
Estimate. Use the short wa:y to multiply. 
Check. est.= 
239 check 
x2 
- --
00 00 00 18 = 9 twos 
Division fact 00 00 00 18 .,.. 2 = 9 
9 00 00 00 or 2/lif" 
18 circles 
in groups · of 2 1s 
Draw lines around the circles. 
Facts Reverse Facts 
0 0 o-o-5 0 0 0 0 0 0 0 0 0 0 0 
Divide into 2 1s 
- ':1~ =- twos 
8.,.. 2= 
Divide into 4 1s 
8 = fours 
8.,.. 4=--
42 
D - Developmental, P = Practice 
Concepts and Skills Page 
3. Finding the unit D&P 
part of a group 63 
of circles 64 
4. Using repeated 
subtraction in 
developing 
understanding 
of division 
facts 
5. Using the re-
lationship be-
tween division 
and multipli-
cation 
6. Developing fact 
"families" 
7. Generalizing 
the zero facts 
S. Using the lim-
ited division 
fact chart 
9. Dividing mul-
tiples of 10 
by 2 
D&P 
65 
66 
D 
67 
D 
68 
69 
70 
D 
71 
p 
72 
p 
73 
Samples of Materials 
00000 00000 ~ of 10 = 10 ~ 2 = __ 
2 halves of 10 
B =? twos. Subtract all the twos 
from 8. 
How many subtractions of 2? __ 
How many twos are in 8? 
So, 8~2 = , or 2~ 
8 
-2 
Division is the opposite of mu1tiplica-
tion. 
4x2=8 
8 X 2 = 16 
So, 8 ~ 2 = 4 
So, 16 -:- 2 = __ 
1) The multiplication fact; 2) its re-
versal; 3) the opposite division fact; 
4) its reversal. 
3 X 4 = _ 
4 X 3 = _ 
Work out these division facts about zero 
by using the opposite multiplication 
fact. 0 ~ 1 = ? So, 0 -:- 1 = 
0 X 1: __ -1/0 
Find the answers in the chart. 
16 .,.. 2 = -- 9 .,.. 9 = -- 0 
What is 40 ~ 2? 
40 = tens 
_ tens ~ 2 = _ tens 
40~2=_ 
-:-- 9---
43 
44 
D = Developmental, P = Practice 
Concepts and Skills Page Samples of Materials 
10. Dividing limited p Same type of material as above. 
multiples of 10 
(even division 
only) by 3, 4, I 
5,6,7,8,9 74 
B. Division Process D 2/28 Developed in 3 parts. (No need 
E:!eeriences to estimate in even division 
1. Even division examples.) 
of 2-figure 1. Distributive forms 
numbers 2. Transition form 
75 3. Standard form 
p Do these examples the short way: 
check check 
76 2/82 -- 3/96 
2. Even division D 3/693 Developed in 3 parts. 
of 3-figure 1. Distributive forms 
nwnbers 2. Transition form. 
77 3. Standard form 
p Do these examples the short way: 
check check 
78 4/484 2/842 
3. Even division D 4/128 Developed in 3 parts. 
of 3-figure 1. Distributive forms 
nwnbers with 2. Transition form 
2-figure 79 3. Standard form 
quotients 
p Do these division examples the short way 
• 
5/105 
80 check 
D = Developmental, P ~ Practice 
VI I. 
Concepts and Skills 
Fractions 
1. Comparison of 
unit fractions 
2. Meaning of 
multiple 
fractions 
3. Meaning of 
multiple 
nwnbers 
4. Drawing dia-
grams and 
dividing them 
into frac-
tional parts 
VIII. Choosing the 
correct operation 
to use in solving 
a problem 
Page 
D 
81 
D 
82 
D 
83 
p 
84 
p 
85 
IX. Telling time wit h P 
Arabic and Roman 
numerals 86 
X. Values and relation- P 
ships of u. S. coins 87 
Samples of Materials 
1/2 1/2 How many fifths are 
1/4 1/4 1/4 1/4 in 1 whole? 
1/3 1/3 1/3 
~/5 1/5 1/5 1/5 1/5 Which is larger, 1/4 
1 whole or 1/3? 
Circles divided into fourths, thirds, 
and fifths with parts of the circles 
filled in to show 2/3, 3/4, 2/5, 4/5, etc. 
Count on the number scales to find 
fractions or mixed numbers. 
Find 3 1/2 
Find 3/4 
Draw a rectangle 6 inches long and a 
half inch wide. Divide it in halves. 
Color one half green. 
What would you do to find the answer to 
each question belovr. Write A for add, 
S for subtract, D for divide, and M for 
multiply. 
What is Jack's change? 
He brings $1.00 to school, and pays 
25¢ for his milk. 
a) Write the time that eaeh clock shows. 
b) Draw· hands on the clocks to show the 
time given under each clock. 
A dime has the same value as 
__ cents, or _ nickels 
The complete series of developmental and practi~e work sheets can 
be found in the next chapter. They have not been used or evaluated. 
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CHAPTER IV 
THE TEACHING MATERIALS 
j_-
To do this page, you may have to count by l 1s, 2 1s, 3•s, 4's, 5•s, 
or 10 1s. Look at each row carefully before you decide which number 
is missing, then put the right number in ~ts place. 
5 10 15 25 30 
2 4 8 10 12 
20 30 40 60 70 
3 6 9 12 18 
14 15 17 18 19 
40 45 50 60 65 
4 8 12 16 24 
62 64 68 70 72 
30 40 50 60 80 
40 44 48 52 60 
2 
What do these numbers mean? 
306 is _.2_ hundreds, no tens, and 6 ~ 
227 is hundreds, tens, and ones 
843 is hundreds, tens, and ones 
190 is hundreds, tens, and ones 
539 is hundreds, tens, and ones 
618 is hundreds, tens, and ones 
702 is hundreds, tens, and ones 
900 is hundreds, tens, and ones 
186 is hundreds, tens, and ones 
888 is hundreds, tens, and ones 
Write the number for 
6 hundreds, 2 tens, and 5 ones 
3 hundreds, 1 ten, and no ones 
5 tens and 6 ones 
8 hundreds, no tens, and no ones 
4 hundreds, 9 tens, and 8 ones 
2 tens and 2 ones 
1 hundred, 7 tens, and 3 ones 
9 hundreds, 4 tens, and1 one 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 2 
1 2 
2 3 
3 4 
4 5 
5 6 
6 7 
7 8 
8 9 
9 10 
10 11 
Addition Fact Chart 
3 4 5 6 
3 4 5 6 
4 5 6 7 
5 6 7 8 
6 7 8 9 
7 8 9 10 
8 9 10 11 
9 10 11 12 
10 11 12 13 
11 12 13 14 
12 13 14 15 
Use the chart to find the answers. 
7 1- 5 = - 2 1- 9 = -
0 f 9 = 8 1- 8 = -
6 1- 8 = - 61-9 =_ 
3 f 7 = 8 f 0 = -
5 f 1 = 4 1- 3 = -
3 
7 8 9 
7 8 9 
8 9 10 
9 10 11 
10 11 12 
11 12 13 
12 13 14 
13 14 15 
14 15 16 
15 16 17 
16 17 18 
5 1- 6 = -
1 1- 9 = -
7 1- 2 = -
6 1- 7 = -
31-9 =_ 
4 
5 To do tlus example you must add 5 f 2 first. Tlllnk 7. Then 
2 
1 add the 7 you think to the 1 you see and the sum is 8. 
8 
In examples like this you add a number you tlllnk to a number 
you see. 
Adding an unseen number to a seen number. 
Tlllnk two. Add it to each of these numbers. 
3 7 0 2 5 1 4 6 
5 
Think f ive. Add it to each of these numbers. 
5 2 1 9 3 6 8 4 
l1o 
Think seven. Add it to each of these numbers. 
1 6 2 0 8 5 9 7 
8 
Think three. Add it to each of these numbers. 
4 0 2 8 5 9 6 3 
7 ,I 
Think 6. Add it to each of these numbers. 
3 0 9 5 7 2 6 1 
Think 4. Add it to each of these numbers. 
4 3 8 6 9 2 7 5 
Think 8. Add it to each of these numbers • 
5 9 2 6 0 7 4 1 
I 
1 Add 1 f 6 first. Think 7. Add the 7 you think to the 
6 
_j_ 5 you see. Write 12. To check, add up from the bottom. 
12 
Find the sums. 
9 6 8 7 2 3 
0 3 0 2 5 4 
...l._ 2 _!±_ 0 2 0 
7 5 3 0 8 5 
1 0 6 7 0 2 
...l._ _2_ 1 1 2 2 
5 4 3 2 9 1 
4 5 6 1 0 8 
2 
_)__ _)__ ..J_ 2 _)__ 
Ebst on Universi t y 
School of Education 
1ibrar,Y, 
.... ,__ 
2 
Study these examples: _i±_ 
6 
12 
...:f:_JL 
16 
22 
f 4 
26 
When 4 is added to a number ending in 2, the swn ends in __ • 
2 
The key fact in these examples is ~ and the number of tens in the 
6 
sum is the same as the nwnber of tens in the two-figure number. 
Finish adding this rmv of examples: 
2 12 22 32 42 52 62 72 82 92 f:._J_ __i__i 
...Li ...L2. ...Li f 2 __/:_2 ...L2. ...L2. t 2 
7 17 
When 5 is added to a nwnber ending in 2, the sum ends in . 
--
The key fact in the examples above is ~ 
Find the swns: 
4 14 24 34 44 54 64 74 84 94 
__i__i 
...Li ...L2. ...L2. __i__i ...Li __/:_2 __i__i ...Li ...Li 
3 13 23 33 43 53 63 73 83 93 
...L2 ...L2 ...L2 ...L2 ...L2 ...L2 ...L2 ..i:...l. _L]_ ...L2 
1 11 21 31 41 51 61 71 81 91 
_j_J_ _j_J_ _j_J_ _j__J_ _j__J_ _j_J_ _j__J_ _j_J_ _j__J_ 
...L1. 
6 
0 /() 3() 
This number scale shows bridging from one decade to the next. 
The bridges begin on numbers ending in 6 and, adding 7 spaces, the,y 
end on numbers ending in 3. Show where the unfinished bridge vdll end. 
6 
The first bridge shows _t_z or, 6 f 7 = l ten f 3 ones. 
13 
16 
The second bridge shows_i_z or, 16 f 7 = 2 tens f 3 ones. 
23 
26 
The third bridge shovts _t_z or, 26 f 7 = 3 tens f 3 ones. 
33 
36 
The fourth bridge shows_i_z or, 36 f 7 = 4 tens f 3 ones. 
43 
The key fact -~n these examples is that when 7 is added to a 
number ending in 6, the sum ends in 3. Notice that the tens figure 
becomes 1 greater than it was. 
Draw bridges for these examples on the number 
7 17 27 37 
scale below. _L:j_ _L:j_ _t_z _L:j_ 
ld .31) 
Think, and then write the answer. 
fourteen f 8 = 
twenty-six f 4 = 
twelve f 7 = 
twenty-seven f 8 = __ 
nineteen f 6 = 
eleven f 8 = 
thirty-two f 9 = 
eighteen t 7 = 
ten f 4 = 
fifteen .f 7 = 
twenty-one .f 9 = 
seventeen f 6 = 
thirty f 5 = 
fourteen f 8 = 
twelve .f 6 = 
sixteen f 5 = 
twenty-five f 3 = 
eleven .f 7 = 
twenty-nine f 2 = 
eighteen .f 4 = 
To do this example: 
8 
6 
7 
2 
...!1. 
32 
1. Think 8 t 6 = 14 
2. Think 14 t 7 = 21 
3. Think 21 t 2 = 23 
4. Think 23 t 9 = 32 
Write 32. Check by adding up. 
Find the swns of these examples in the same way. 
3 2 1 8 
9 8 7 9 5 0 
5 3 3 6 4 3 
7 6 0 5 7 2 
_J±_ _2._ 8 _2_ ..1_ 6 
6 1 3 5 
4 0 3 9 4 2 
9 5 8 2 9 0 
5 2 6 1 3 7 
_]_ 
..:L _2_ 8 6 _]_ 
8 
Est~nation is a quick way to find the nunmer near the correct 
answer. Before you work out an example, you should est~ate the 
answer in your head. This will give you an idea at the beginning 
of what number your answer will be near. After you work out the 
example, see if your answer is close to the number you est~ated. 
Here is an addition example with two-figure numbers. 
This is how to est~ate the answer: 
62 
21 
35 - - - -
41 
159 
correct answer 
6 tens 
- 2 tens 
4 tens 
- _! tens 
16 tens or 160 
estimate 
A two-figure number is estimated to the nearest tens. If the ones 
figure is under 5, the nearest number of tens is the figure in the ten's 
place--32 would be 3 tens. If the ones figure is 5 or more the nearest 
number of tens is 1 more than the figure in the ten's place--38 would 
be 4 tens. 
Est~te to the nearest tens: 
58 .••• 
22 .•.• 
85 ••.• 
tens 
tens 
t ens 
71 
77 
34 •••• 
tens 
tens 
tens 
40 
86 
93 
tens 
tens 
tens 
9 
Estimate these numbers to the nearest tens. 
19 
64 
26 
23 
45 f ll 
tens 55 ••• tens 11 ••• tens 
... tens 3 tens 37 ••• tens 
tens 92 ••• tens 88 ••• tens 
To esti..rrl.ate the answer to an addition example like this, take 
the nearest tens for each number, then add those tens and that 
is your estimate. 
23 - - - 2 tens 
45 - - - 5 tens 
/11 - - - 1 ten 
8 tens or 80 - estimate 
Estimate the answers to these examples: 
Tens 
42 4 
16 2 I 21 _ _;2::::..._ _ 
17 
20 
f 61 
43 
82 
_Lg 
8 tens = 80 est. 
tens 
Now estimate in your head. 
45 8 tens 32 
12 26 
21 80 est. 41 
Just write 
tens 
est. 
33 
51 
f 73 
25 
32 
f 61 
21 
54 
f 33 
tens 
tens 
tens 
the estimated answers: 
53 tens 64 
21 11 
_u est. ~ 
tens 
est . 
j_Q 
Let us see what it means to add 52, 14 and 23. 
1. Estimate (to find what number the correct answer will be near) 
52 - - - 5 tens 
14- - - 1 ten 
.22_ - - - _2. tens 
Est.=B tens or 80 
2. 52 = 5 tens 
14 = 1 ten 
.22_ = _g tens 
Ans. = 8 tens 
f 2 ones 
f 4 ones 
f_l ones 
f 9 ones 
3. 52 
14 
...n 
9 
80 
89 
Step 1. Add the ones. 
Sum = 9. Write 9. 
Step 2. Add the tens • 
Sum = 8. Write 80. 
0 is a place holder. 
Step 3. Add the sums. 
Write 89. 
Do this example: 42 
16 
21 
·First, write the estimate of 
the answer. 
est. 
Then, using the short way to add, 
52 = 50 f 2 
14 = 10 f 4 
.22. =~ f-2. 
Ans. = 80 f 9 = 89 
4. The short way. 
This is the way to add, 
after you understand 
the meaning of the 
example: 
52 Step 1. Add the ones. 
14 Sum = 9. Write 9 in 
.22_ one's place. 
89 Step 2. Add the tens. 
Sum = 8. Write 8 in 
ten • s place. 
Check by adding up. 
Step 1. Add the ones. Write sum in one's place. 
Step 2. Add the tens. Write sum in ten 1 s place. 
See if your answer is near the estiw~te. 
Check answer by adding up. 
1_1_ 
Here are some two-figure numbers to add. 
est. 
33 
54 
21 
est. 
22 
51 
_11 
est. 
53 
13 
21 
est. 
13 
24 
32 
1. Estimate in your head. Write the estimated answer. 
2. Use the short way. Add the ones and write the sum in 
one 1 s place. Then add the tens and write the sum in the 
ten 1 s place. 
3. See if your answer is near the estimate. 
4. Check your answer by adding up. 
est. 
est. 
16 
42 
21 
est. 
64 
23 
11 
est. 
42 
32 
...62 
est. 
61 
32 
22. 
est. 
21 
12 
..M 
est. 
27 
40 
21 
est. 
58 
21 
_2Q 
est. 
20 
17 
_g 
est. 
41 
26 
~ 
est. 
35 
13 
2D 
est. 
73 
14 
11 
r 
Three-figure nwnbers are estimated to the nearest hundreds. 
648 
471 
135 
263 
Estimate in hundreds 
6 
5 
1 
3 
When the ten's figure is under 5, the nearest number of 
hundreds is the figure in the hundred 1 s place. When the ten's 
figure is 5 or more, the nearest number of hundreds is 1 more 
than the figure in the hundred's place. 
Write the nearest number of hundreds for these numbers: 
472 - - - hundreds 
326 - - - ::= hundreds 
255 - - - _ hundreds 
180 - - - hundreds 
Write out the estimate for these 
examples, like this: 
hundreds 
145 232 
252 ---- 126 
301 --- .2hl: ---
est. = est. = 
603 - - - hundreds 
194 - - - hundreds 
54 7 - - - --- hundreds 
888 - - - --- hundreds 
hundreds 
321 - - - - - 3 
463 - - - - - 5 
102 - - - - - 1 
9 = 900 est. 
hundreds hundreds 
164 
311-
223--
Est. = 
Now estimate in your liead. Just write the estimated answer. 
372 256 412 
215 310 183 
402 123 304 
est. est. est. 
13 
Adding three-figure numbers. 
Example 
304 
183 
412 
1. Estimate--to find what number the correct answer 
will be near. 
3 hundreds 
2 hundreds 
.J± hundreds 
9 hundreds, or 900 est. 
2. 304 = 3 hundreds f 0 tens f 4 ones 
183 = 1 hundred f 8 tens f 3 ones 
412 = ~- hundreds 1 ten 2 ones 
Ans.= 8 hundreds 9 tens 9 ones 
or 
304 = 300 f 00 f 4 
183 = 100 f 80 f 3 
412 = 400 ~ 10 ~ 2 
Ans.= 800 90 9 
3. 304 Step 1. 
183 Step 2. 
~ 
9 Step 3. 
90 
800 Step 4. 
899 
4. The short way, 
304 
183 
~ 
899 
Step 1. 
Step 2. 
Step 3. 
899 899 
Add the ones, Sum = 9. Write 9. 
Add the tens. Sum = 9. Write 90. 
0 is a place holder. 
Add the hundreds. Sum= 8 
Write 800. 0 1s are place holders. 
Add the sums. Write 899. 
Add the ones, Write 9 in one's place. 
Add the tens. Write 9 in ten's place, 
Add the hundreds. Write 8 in hundred's place. 
Check by adding up. 
Do these examples the short way. First write the estimated answer. 
310 
256 
123 
est.= 
215 
372 
402 
est.= 
164 
311 
223 
est.= 
232 
341 
126 
est.= 
1_4 
Here are some three-figure numbers to add. 
1. Estimate in your head. Write the estimated answer. 
2. Use the short way. 
a. Add the ones. Write sum in one! s place. 
b. Add the tens. Write sum in ten 1s place. 
c. Add the hundreds • Write sum in hundred 1 s place. 
3. See if your answer is near the estimate. 
4. Check your answer by adding up. 
est.:;: 
213 
142 
320 
est.= 
450 
145 
203 
594 
102 
362 
123 
204 
est.= 
est.= 
408 
271 
320 
est.= 
est.= 
227 
360 
102 
231 
150 
217 
716 
120 
153 
est.= 
est.= 
273 
213 
573 
101 
214 
685 
113 
680 
107 
201 
est.= 
est.-
est.= 
est.= 
522 
354 
111 
783 
106 
106 
est.= 
est.= 
est.= 
ill 
882 
105 
est.= 
1.5 
Billy went to the store to buy some things for his mother. The 
bread cost 18¢, the milk cost 25¢, and the cookies cost 32¢. How 
much money did he pay for everything? What will you do to find 
the answer? 
2. 
4. 
1. Estimate 
2 tens 
3 tens 
_2 tens 
8 tens = 80est. 
$ .18 = 1 ten f 8 ones 
.25 = 2 tens f 5 ones 
~ = tens 2 ones 
Ans. = 6 tens 15 ones 
• 7 tens f 5 ones 
= 75 
or 
$.18 = 10 f 8 
.25 = 20 f 5 
~=~ 
Ans. = b(f]Zl5 
$ .18 
• 25 
~ 
15 
60 $:75' 
$.18 
.25 
~ 
$.75 
Step 1. 
Step 2 • 
Step 3. 
Step 1. 
Step 2. 
Add the ones. Sum = 15. Write 15. 
Add the tens. Sum = 60. Write 60. 
0 is a place holder. 
Add the sums. Write 75. 
Be sure to write the dollar sign and point 
to show that this means 75 cents. 
Add the ones. Sum= 15. Write 5 in one 1s 
place. Carry the 1 ten to the other tens 
and add in Step 2. 
Add the tens 1 f 1 f 2 f 3 = 7. 
Write 7 in ten 1 s place. Check. 
1_6 
) 
In these examples the sum of the ones is over 9. Work this way: 
42 Est. = 100 
19 Step 1. Add the ones. Sum = 18. Write 18. 
_21 Step 2. Add the tens. Sum = 8. Write 80. 
18 0 is a place holder. 
80 Step 3. Add the sums. Write 98. 
98 
34 
27 
15 
est. = 
est. = 
19 
20 
_21 
est. 
57 
...2.§ 
= 
est. = 
32 
4l 
18 
56 
37 
12 
44 
28 
est. -
est. -
.JJ. 
est. = 
18 
73 
est. = 
56 
23 
_u 
est. = 
78 
16 
est. = 
38 
22 
_12. 
est. 
27 
19 
_£ 
-
-
est. = 
86 
18 
est. = 
25 
.22. 
26 
19 
30 
67 
12 
25 
24 
est. = 
est. = 
est. = 
....2.2 
:17 
To do this example: 
1. Add the ones. Think 12 ones. 
35 
.;. 27 
2 Change the 12 ones to 1 ten and 2 ones. Write 2 in one's 
place. Remember 1 ten. Carry the 1 ten to the top figure 
in the ten's column. 
2. Now add the 1 ten you carried in your mind to the other 
tens 1 f 3 f 2 = 6. 
Write 6 in tens place. 
In these examples the sum of the ones vdll be over 9. Think the 
sum as tens and ones. Write the one's number. Carry the ten's 
number to the top figure in the ten's column and add it with the 
other tens. 
est. = est. = est. = est. = 
45 39 25 53 
28 14 _.21. 27 
est. = est. = est. = est. = 
18 74 34 29 
...1±2 ..12. _j[J_ ..M. 
est. = est. - est. = est. = 
37 28 55 16 
_21_ _..2&. ....2.2. 84 
est. = est. = est. = est. = 
82 45 39 12 
....2.2. ...2£ .£2. 68 
1_8 
467 Three-figure numbers with carrying • 
.J&2. 
.3. 467 
--1§.2 
16 
140 
.....2QQ 
656 
1. Estimate to find what number the correct answer will be 
near. 
Est. = 7 hundreds, or 700. 
ones 
ones 
ones 
467 = 400 t 60 t 7 
or .J&2. = 100 ~ 80 ~ 9 
Ans • - 500 140 16 
Step 1. Add the ones. Write 16. 
Step 2. Add the tens. Write 140. 
Step 3. Add the hundreds. Write 500. 
Step 5. Add the sums. Write 656. 
- 500 tl50 t 6 
= 600 t 50 t 6 
= 656 
Step 1. Add the ones. 7 f 9 = 16. Write 6 in the one's 
place. Add the 1 ten in Step 2. 
Step 2. Add the tens. 1 f 6 t 8 = 15. Write 5 in the 
ten's place. Add the 1 hundred in Step 3. 
Step 3. Add the hundreds. 1 f 4 f 1 = 6. 
Write 6 in hundred's place ~ Check. 
Do these examples. 
part 4, above. 
EstiJnate first . Then use the short form as in 
est. = 
258 
...11§. 
366 
285 
est. = 
537 
~ 
est. = 
est. = 
452 
~ 
est. = 
321 
.J±!fl 
197 
436 
est. = 
1_9 
Find the sums for these examples: 
156 
...l12. 
1. Write the estimated answer. 
2. Use the short way. 
a. Add the ones. Think the sum as tens and ones. Write 
the one 1 s number. Carry the tens number to the top 
figure in the tens column. 
b. Add the ten 1 s column with the number you carried. 
Think the sum as hundreds and tens. Write the ten • s 
number. Carry the hundred 1 s number to the top figure 
in the hundred's column. 
c. Add the hundreds w-lth the number you carried. Write 
sum in hundred 1 s place. 
3. See if your answer is near the estimate. 
4. Check your answer by adding up. 
est. = 
484 
269 
est. = 
357 
248 
est. = est. = 
575 
...1.2.2. 
est. = est. = est. = est. = 
367 
_ill 
est. = 
375 
288 
398 
124 
407 
197 
est. = 
446 
~ 
est. = 
533 
2:Irl 
294 
_iQ2 
617 
186 
est. = 
20 
In these examples there are one-figure, two-figure, and three-figure 
numbers to add. These are called "ragged c olwnns 11 • 
l. Estimate to the nearest tens. 
2. Use the short form. If there is carrying, remember the number 
and add it with the other numbers in the next place. 
3. See if your answer is close to the estimate. 
4. Check by adding up. 
450 
7 
26 
7 
231 
28 
est. = 
est. = 
est. = 
8 
7 
~ 
est. = 
608 
127 
__22. 
est. = 
384 
212 
___12. 
165 
33 
~ 
45 
236 
18 
est. = 
est. = 
est ... 
6 
47 
..191 
est. = 
26 
142 
___;]_ 
572 
3 
107 
73 
5 
~ 
est. = 
est. = 
est. = 
692 
83 
__ 5
est. = 
581 
27 
..11Q 
est. -
429 
37 
21 
est. = 
11 
317 
---.2. 
est. = 
4 
27 
~ 
Write the numbers in columns, and find the sums. Be sure to put 
the numbers in the right places, and keep the columns straight. 
4 hundreds, 2 tens, 9 ones 
3 tens, 7 ones 
2 hundreds, 2 tens, no ones 
3 tens, 8 ones 
5 hundreds, no tens, 6 ones 
8 tens, 3 ones 
5 ones 
3 hundreds, 2 tens, 4 ones 
9 tens, 2 ones 
6 tens, no ones 
8 hundreds, 2 tens, 9 ones 
8 ones 
6 hundreds, 5 tens, 4 ones 
7 tens, 3 ones 
7 ones 
1 ten, 
1 hundred, no tens, 
8 ones 
4 ones 
4 tens, no ones 
est. = 
est. = 
est. = 
est. = 
est .... 
est. = 
22 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
23 
Chart of Subtraction Facts 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
0 1 2 3 4 5 6 7 8 9 
0 1 2 3 4 5 6 7 8 9 
0 1 2 3 4 5 6 7 8 9 
0 1 2 3 4 5 6 7 8 9 
0 1 2 3 4 5 ' 6 7 8 9 
0 1 2 3 4 5 6 7 8 9 
0 1 2 3 4 5 6 7 8 9 
0 1 2 3 4 5 6 7 8 9 
0 1 2 3 4 5 6 7 8 9 
0 1 2 3 4 5 6 7 8 9 
Use the ch3.rt to find the answers. 
Subtract the number at the left of the rovr from the number at 
the top of the column to find the remainder in the chart. 
11 - 3 = 8 - 5 = 7 - 5 = 
9 - 6 = 12 -6 = 10 - 2 = 
-
8 - 0 ... 15 - 8 = 6 - 0 = 
14 - 9 = 7 - 6 = 17 - 8 = 
18 
- 9- 4 - 1 = 14 - 7 = 
13 - 7 = 16 - 9 = 5 - 5 = 
Subtraction is used to find: 
1) How many are left. 
2) How many are gone. 
3) How many more are needed. 
4) What is the difference. 
1. How many cookies are left? 
I had 6 and gave 3 cookies away. 
2. How many newspapers did Jack sell? 
He started with 15 and now he has 5. 
3. How much more money do I need? 
I have only 7 cents and I want to buy a 
10-cent candy bar. 
4. What is the difference in ages between 
Joe and his sister? 
Joe is 11 years and his sister is 9. 
Make up some problems to go with these examples. 
10 $ .18 9 7 11 
- 4 -.1,3 
.::..2 ::._1_ - 1 
16 14 3 15 13 
=-2. - 10 - 2 =...:1. - 8 
10 $ .09 17 7 9 
- 6 -.07 - 9 
...:2 - 0 
6 
=-2._ 
15 
=--2.._ 
$.10 
-.07 
11 
-=-2.. 
Write the answers. 
4 
- 0 
12 
- 4 
16 
- 8 
2 4 
Study these e~nples: 
7 
- h 
3 
17 
- 4 
13 
27 
- 4 
23 
37 
- 4 
33 
47 
- I+ 
43 
When 4 is subtracted from a number ending in 7, the remainder 
7 
ends in 3. The key fact in these examples is -4 , and the number 
3 
of tens in the remainder is the same as the number of tens in the 
two-figure nwnber. 
Finish subtracting this row: 57 
Find the remainders: 8 
-6 
::J± 
18 
- 6 
38 
- 6 
77 
=--1± 
58 
- 6 
78 
- 6 
97 
-4 
98 
- 6 
When 6 is subtracted from a number ending in 8, the remainder 
ends in_. The key fact in the examples above is D 
Do these examples. Notice the key fact for each row. 
The ten's figure in the remainder will be the same as the ten's 
figure in the top number. 
9 
- 2 
6 
- 2 
19 
- 2 
16 
- 2 
15 
::..2 
29 
- 2 
26 
- 2 
25 
::.2 
39 
- 2 
36 
- 2 
35 
::...2. 
49 
- 2 
56 
- 2 
75 
.::..2 
59 
- 2 
66 
- 2 
45 
.::..2 
69 
- 2 
76 
- 2 
95 
::..2 
79 
- 2 
86 
- 2 
89 
- 2 
96 
- 2 
25 
26 
Subtract t hese examples: 
Write the key fact for each row. 
The remainders in each row will end with the same number. 
kez fact 
18 48 78 58 98 28 38 6$ 88 
.::..1. - 3 - 3 .::..1. .::..1. ::..1. ::...2. .::..1. ::...2. 
key fact 
26 86 16 96 56 76 66 36 46 
- 4 =-.J± =-.J± =-.J± =--4. - 4 - 4 - 4 - 4 
key fact 
99 29 49 19 39 89 59 79 69 
=-1. =-1. =-1. =-1. =-1. =-1. =-1. =-1. =-1. 
key fact 
25 15 95 85 55 35 45 65 55 
::_.J±_ - 4 =-.J± =-.J± - 4· - 4 - 4 ::....!± - 4 
key fact 
17 37 27 47 97 57 87 77 67 
::..1. .::..1. .::..1. .::..1. ::...2. ::..1. .::..1. ::..2. ::...2. 
key fact 
44 24 14 84 54 34 94 64 74 
- 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 - 1 
key fact 
69 19 49 29 89 39 99 59 79 
=--.2. =-2. =-2. =--.2. =--.2. - 5 ::...2. - 5 - 5 
27 
¥ .3 Ol. / 
c ).C \rllrtl 
I I I I I I I II I I .J J!J J J!1 I~~~ d1 J!d1 
-..it-&8 J.'l-111 ~'1113 OJ.'I-111 d.ll-61 
~ 14 a.o JIJ lfl) SIJ 
This number scale is like the one used for bridging the tens 
in addition. It can be used for subtraction by endings, in reverse. 
Subtraction is the opposite of addition. The arrows point from one 
decade to the next lower decade. 
42 
Arrow 1 shows - 7 or 42 - 7 = 35. 
35 
32 
Arrow 2 shows =-1. or 32 - 7 = 25. 
25 
22 
Arrow 3 shows =....:J.. or 22 - 7 = 15. 
15 
12 
Arrow 4 shows =-1. or 12 - 7 = 5. 
5 
The arrows begin on numbers ending in 2 and, subtracting 7 
spaces, they end on numbers ending in 5. The key fact here is that 
when 7 is subtracted from a number ending in 2, the remainder ends 
in 5:. The tens figure becomes 1 smaller than it was. 
Draw arrows for these examples on the number 
46 36 26 16 
scale below: - 8 - 8 - 8 - 8 
/IJ 
Find the remainders for these examples. Write the key fact 
for each row. The remainders for each rr:JN will end in the same 
number. The tens figure in the remainder will be in the next 
lower decade. 
23 33 
=--2 =--2 
24 34 
- 6 - 6 
25 85 
=-:I. =-:I. 
71 21 
- 8 - 8 
43 
.::..2. 
64 
- 6 
51 
- 8 
92 
=--2. 
26 
:::_2. 
53 
.::....2. 
84 
- 6 
95 
=-:I. 
81 
- 8 
82 
- 3 
94 
- 6 
35 
=-:I. 
31 
- 8 
73 
.::..2. 
74 
- 6 
45 
=-:I. 
91 
- 8 
52 
=..2 
86 
=...:t. 
54 
- 6 
75 
=-:I. 
41 
- 8 
66 
.::-_.:l 
93 
.::..2. 
44 
- 6 
55 
=-:I. 
61 
- 8 
32 
=-2 
key fact 
13 
- 5 
8 
key fact 
key fact 
key fact 
key fact 
key fact 
28 
See how subtraction is the opposite of addition. 
Addition Subtraction Addition 
Fact Fact Fact 
0 0 0 0 0 0 
0 4 
6 ' 0 0 10 0 0 0 0 
0 0 0 0 0 0 
0 
0 0 0 0 .;. 6 0 0 
.;. 4 
. 0 0 0 0 
-u 0 0 0 0 0 0 0 0 0 0 
10 10 
0 0 
u 
0 0 
0 0 
0 0 6 0 0 
0 
29 
Subtraction 
Fact 
0 0 
10 0 
0 0 
0 0 
0 
0 0 
0 0 
-6 0 0 
0 0 
~ 
4~ ~ 
Use your addition fact chart to find the sums. Then use 
it in reverse for subtraction, to find the remainders. 
3 11 8 11 5 12 7 12 4 13 9 13 ~ - 8 u =-.2 L:l =-1 L2. - 5 u. =--2 L.J± - 4 
-
2 9 7 9 6 7 1 7 3 8 5 $ 
...:L1. =-1. D:. - 2 u - 1 LE. - 6 u. ::...2 1:...2. - 3 
-
6 14 8 14 4 6 2 6 9 14 5 14 ~ - 8 Li. - 6 D:. - 2 Llt =.J±. L2. =--2. L3.. - 9 
I 
89 This example is worked out to show what it means. 
~ 
1. Estimate 
89 
~ 
Ans. 
is near 90 
is near-20 
is near 70 Est. = 70 
2. 89 = 8 tens f 9 ones 
~ =~tens f 4 ones 
Ans. = 6 tens f5 ones 
or 
89 = 80 f 9 
=...2:!± = 20 .;. _E._ 
Ans. = 60 f 5 = 65 
4. 89 
, =-.1:!± 
65 
Step 1. Subtract the ones. 9 - 4 = 5 
Write 5. 
Step 2. Subtract the tens. 8 - 2 = 6 
Q is a place holder. Write 60. 
Step 3. Add the two partial remainders. 
Write 65. 
Step 1. Subtract the ones. 9 - 4 = 5. 
Write 5 in one 1s place. 
Step 2. Subtract the tens. 8 - 2 m 6. 
Write 6 in ten's place. 
Check by addition. 
Do these examples the short way as in part 4 above. Estimate first. 
48 
- 22 
88 
- 21 
est. = 
est. = 
est. = 
65 
.::...1Q. 
est. = 
74 
- 14 
- . 
78 
- 26 
38 
- 26 
est. = 
est. = 
97 
::....22. 
est. = 
est. = 
59 
-42 
30 
Here are some two-figure numbers to subtract. 
1. Estimate in your head. Vvrite the estimated answer. 
2. Use the short way. 
a. Subtract the ones. Write remainder in one's place. 
b. Subtract the tens. Vvrite remainder in ten's place. 
3. See if your answer is near the estimate. 
4. Check by addition. 
est. 
67 
.::....b-2 
est. = 
63 
- 40 
58 
est. = 
=-21 
82 
60 
est. = 
est. = 
89 
- 26 
est. = 
85 
::....12. 
est. = 
44 
::...22 
26 
est. = 
::..12 
est. = 
79 
.::...22 
est. -
29 
- 12 
est. = 
95 
::...2Q 
34 
- 21 
est. = 
est. = 
84 
- 21 
est. -
36 
- 21 
est. 
77 
- 26 
57 
- 22 
est. = 
31 
159 In this example the bottom ten's number is greater than 
- 64 the top ten's number. The example is worked out in four 
parts. 
1. Estimate: 159 is near 16 tens 
~ is near 6 tens 
Ans. is near 10 tens Est .... 100 
or 
2. 159 = 1 hundred f 5 tens f 9 ones 
- 15 tens f 9 ones 
- 64 = 6 tens 4 ones 
159 = 150 f 9 
- 64 ... 60 f 4 
Ans. = 90 ~ = 95 
Ans. = 9 tens 5 ones = 95 
3. 159 
~ 
5 
_.2Q 
95 
Step 1. Subtrac·t the ones. Remainder = 5: 
Write 5. 
Step 2. Subtract the tens. Remainder = 9. 
Write 90. 0 is a place holder. 
Add the remainders. Write 95. 
4. The short way. 
159 
~ 
95 
Step 1. Subtract the ones. Remainder = 5. 
Write 5 in one's place. 
Step 2. Subtract the tens. Remainder = 9. 
Write 9 in ten 1a place. 
Check by addition. 
Do these examples the short wa:y as in part 4 above. Estirnate first. 
est. = 
147 
~ 
est. = 
126 
.=.._g 
est. = 
187 
=-.91 
145 
- 63 
est. = 
32 
In these examples, the bottom ten's number is greater than the 
top ten's number. 
1. Estimate to the nearest tens. 
2. Use the short form for subtracting. 
a. Subtract ones. Write remainder in one's place. 
b. Subtract tens. Write remainder in ten's place. 
3. See if your answer is near the estimate. 
4. Check by addition. 
Est. = 
tens 
134 - - - 13 
=-.11:. - - - ...1. 
62 6 = 60 
127 -
.::...2.2 -
Est. !:: 
tens 
Est. == 
239 - - -
- 52 -
321 -
Est. = 
tens 
=-..12.. - - - -
Est. = 
tens 
247 -- -
- 80 - - -
Est. 
tens 
133 - - -
- 82 -- -
Est. 
tens 
136 -- -
=-2.?.- - -
Est. 
tens 
103 - - -
~ - - -
-
= 
= 
= 
Est. = 
164 - - -
- 81 -
tens 
Est. 
tens 
-157 -- -
- 63 -
Est. = 
tens 
207 -
::.J2 
Est. 
tens 
116 -- -
- 42 ---
= 
= 
33 
864 
- 231 
This example is worked out in four parts to show what it means. 
hundreds 
l. Estimate: 864 is near 9 
~is near 2 
3. 864 
- 231 
3 
30 
600 
633 
4. 864 
- 231 
Ans. is near 7 hundreds or 700 est. 
Step l. 
Step 2. 
Step 3. 
Step 4. 
ones 
one 
ones 
or 
Subtract ones. 4 - 1 = 3. 
Subtract tens. 6 - 3 = 3. 
0 is a place holder. 
864 = 800 f 60 f 4 
- 231 = 200 ~ 30 ~ l 
Ans. = 600 30 3 
= 633 
Write 3. 
Write 30. 
Subtract hundreds. 8 - 2 = 6. Write boo. 
0 1s are place holders. 
Add the remainders. Write 633. 
Step 1. Subtract ones. 4- 1 = 3. Write 3 in one's 
place. 
Step 2. Subtract tens. 6 - 3 = 3. Write 3 in ten's 
place. 
Step 3. Subtract hundreds. 8 - 2 = 6. Write 6 in 
hundred's place. 
Check by addition. 
Do these examples the short way, as in part 4 above. Estimate 
first, to nearest hundreds. 
34 
est. = est. = est. = est. = 
547 
- 232 
695 
- 130 
872 
- 601 
738 
- 416 
Find the remainders in these examples: 
1. Estimate to the nearest hundreds. 
2. Use the short form for subtracting. 
a. Subtract ones. Write remainder in one's place. 
b. Subtract tens. Write remainder in ten's place. 
c. Subtract hundreds. Write remainder in hundred's place. 
847 
- 231 
836 
- 215 
239 
- 137 
186 
- 142 
3. See if your answer is near the estimate. 
4. Check by addition. 
est. = 
est. = 
est. = 
est. = 
295 
- 133 
562 
- 421 
586 
- 212 
976 
- 435 
est. = 
est. = 
est. = 
est. = 
756 
- 201 
694 
- 360 
est. = 
est. = 
est. = 
735 
- 124 
448 
- 123 
est. = 
527 
-414 
704 
- 502 
230 
- 110 
396 
- 193 
est. = 
est. = 
est. -
est. = 
3 5 
62 In this example you see that you cannot t ake 8 ones from 2 ones. 
- 28 
So you must change 1 ten to ten ones. Add these to the 2 ones, 
and you have 12 ones. Then you can subtract 8 ones from 12 ones. 
This is sometimes called 11borrowingn. 
Here is the example worked out in four parts: 
1. Estimate: 62 is near 6 tens 
- 28 is near .2_ tens 
Ans. is near 3 tens Est. = 30 
2. 62 = 6 tens f 2 ones 
= 5 tens f 12 ones 
- 28 =~ tens f ~ ones 
Ans. = 3 tens f 4 ones 
(changing 
= 34 
1 ten to ten ones) 
or 62 = 60 f 2 
= 50 fl2 
-28=~ 
Ans. = ~= 34 
3. 62 
- 28 
4 
_2Q 
34 
4. 62 
- 28 
34 
Step 1. Change 1 ten to ten ones, making 12 ones. 
Subtract ones. 12 - 8 = 4. Write 4. 
Step 2. Subtract ten5. Think 5 - 2 = 3. 
Write 30. 0 is a place holder. 
Step 3. Add the remainders. 4 f 30 = 34. 
Write 34 • . 
Step 1. Change 1 ten to 10 ones, making 12 ones. 
Subtract ones. 12 - 8 = 4. 
Write 4 in one 1s place. 
Step 2. Subtract tens. 5 - 2 = 3. Write 3 in 
ten 1 s place. 
Check by addition. 
36 
Practice in 11 Borrowing 11 
Write what the number means in tens and ones. Next, change 1 ten 
to 10 ones and add these to the one's number. 
43 = 4 tens f 3 ones = 3 tens f 13 ones = 30 f 13 
85 = 
-------
76 = 
-------
40 = 
-------
93 = 
-------
52 = 
-------
61 = _____ _ 
74 = 
-------
80 = ______ _ 
91 = 
-------
55 = 
-------
Subtract these examples: 
1. Estimate to the nearest tens. 
2. Use the short form. 
a. Change 1 ten to ten ones and add to the one •s nwnber. 
Subtract ones • Write remainder in one • s place. 
b. Subtract tens. Remember that one ten was changed to 
ones. Write remainder in ten's place. 
3. See if your answer is near the estimate. 
4. Check by addition. 
est. = 
53 
=-2:1.. 
est. = 
61 
=-Xi.. 
est. = 
75 
:::..21. 
60 
est. = 
=..1.2. 
est. = 
86 
=-12. 
est. = 
43 
~ 
est. = 
88 
:::...l!il 
47 
- 18 
est. = 
est. = 
47 
- 28 
est. = 
90 
-=--2 
62 
- 48 
35 
- 16 
est. = 
est. = 
est. = 
82 
=...1t!: 
51 
- 16 
est. = 
est. = 
57 
::..Z2 
71 
-42 
est. = 
38 
723 
- 189 
In this example you must change from hundreds to tens and 
from tens to ones before you can subtract. The example is 
worked out in four parts. 
1. Estimate 
723 is near 7 hundreds 
- 189 is near 2 hundreds 
Ans. is near 5 hundreds Est. = 500 
2. 723 = 7 hundreds f 2 tens f 3 ones 
= 7 hundreds f 1 ten f 13 ones 
= 6 hundreds f 11 tens f 13 ones 
- 189 = 1 hundred f ~ tens f _2 ones 
Ans. = 5 hundreds f 3 tens I 4 ones 
723 = 70o I 20 f 3 
or = 700 f 10 f 13 
- 6oo 1uo I 13 
- 189 = 100 ~ 80 ~ 9 
Ans. = 500 30 4 
3. 723 
- 189 
4 
30 
_2.QQ. 
534 
4. 723 
- 189 
534 
= 534 
Step 1. Change 1 ten to 10 ones, making 13 ones. 
Subtract ones. 13 - 9 = 4. Write 4. 
Step 2. Change 1 hundred to 10 tens, making ll tens. 
Subtract tens. 11 - 8 = 3. Write 30. 
0 is a place holder. 
Step 3. Subtract hundreds. 6 - 1 = 5. Write 500. 
0 1 s are place holders. 
Step 4. Add the three remainders. Write 534. 
Step 1. Change 1 ten to 10 ones, making 13 ones. 
Subtract ones. 13 - 9 = 4. Write 4 in one 1 s 
place. 
Step 2. Change 1 hunc4'ed to 10 tens, making 11 tens. 
Subtract tens. 11 - 8 = 3. Write 3 in ten 1s 
place. 
Step 3. Subtract hundreds. 6 - 1 = 5. write 5 in 
hundreds place. 
Check by addition. 
39 
Practice in "Borrowing" 
1. Write what the number means in hundreds, tens, and ones. 
2. Change 1 ten to 10 ones and add to one's number. 
3. Change 1 hundred to 10 tens and add to ten's number. 
536 = 
= 
= 
273 = 
= 
= 
845 = 
= 
= 
631 = 
= 
= 
922 = 
= 
= 
hundreds 
5 
5 
4 
hundreds 
hundreds 
hundreds 
hundreds 
tens ones 
f~ ~ 12 f -6-t 16 f 16 
tens ones 
tens ones 
tens ones 
tens ones 
40 
Subtr~ct these examples: 
643 
- 258 
937 
- 259 
576 
- 287 
330 
- 151 
1. Estimate to the nearest hundreds. 
2. Use the short form. 
a. Change 1 ten to 10 ones and add to one 1s nwnber. Sub-
tract onea. Write remainder in one 1s place. 
b. Change 1 hundred to 10 tens and add to ten 1 s place. 
Subtract tens. Write remainder in ten's place. 
c. Subtract hundreds. Write remainder in hundred's 
place. 
3. See if your answer is near the estimate. 
4. Check by addition. 
est. = 
est. :: 
est. = 
est. -
526 
- 197 
503 
- 125 
824 
est. = 
est. = 
est. = 
:=...212 
750 
- 668 
est. ::: 
753 
- 385 
685 
- 299 
463 
- 198 
444 
- 189 
est. = 
est. = 
est. = 
est. == 
340 
- 178 
410 
- 135 
603 
- 266 
607 
- 348 
est. = 
est. = 
est. ""' 
est. -= 
4 :1 
Multiplication is a quick way of adding several equal numbers. 
Look at the picture of eggs in the box. The eggs are in 0 0 
0 0 
groups of 2 1 s. How many 2 1 s? Six 2 1 s. To find out how many 0 0 
0 0 
eggs there are in the box, you can add six 2' s • 0 0 
0 0 
Six 2 1 s are 12. This is written as a multiplication fact 
2 
like this, x6, or like this, 6 x 2 ::: 12. The fact is that 
12 
six 21 s are 12, or that 6 times 2 equals J2. 
0 0 0 0 0 0 
000000 
Now the picture of the eggs is turned sideways. This 
shows 2 groups of 6 1s. Add 6 f 6. 
6 
L§. Tvw 6•s are 12. This is written as a multiplication fact 
12 6 
0 0 
0 
0 0 
like this, x 2, or 2 x 6 = 12. The fact is that two 6• s are 
12 
12, or .that 2 times 6 equals 12. 
In multiplication, reverse facts, such as 6 x 2 = 12 or 
2 x 6 = 12 have the same answer or product. 
Write what these circle pictures show' 
0 0 
0 
0 0 
r--
0 0 
0 0 
0 0 
0 0 
0 0 
...._ 
2 fives 
5 twos 
42 
Write what these circle pictures show: 
0 
0 
0 
2 ones 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 
0 0 
0 0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 
0 0 
0 0 
0 
0 0 
0 
0 
0 
0 0 
0 
0 0 
0 0 0 
0 
0 
0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 
0 
0 
0 
0 0 0 0 0 
0 0 0 0 0 
43 
44 
Make circles to show: 
I 2 threes I 1 five I 4 twos I 
I 3 threes I 1 eight I 2 nines I 
I 2 fives I 4 fours I 6 ones I 
I 2 sixes I 7 twos I 3 fours I 
I 1 three I I 2 twos I I 2 ones I 
Joe went to a baseball game. He looked at the score board 
at the end of the game and this is what he saw for one team, 
0 0 0 0 0 0 0 0 0 , 9 zeros. This team had been at the bat 
9 times, but did not score any points. 
Add 9 zeros: 0 f 0 f 0 f 0 f 0 f 0 f 0 f 0 f 0 = 0 
0 
You write this as a multiplication fact, like this, x 9 , or like 
0 
9 
this, 9 x 0 = 0. The reverse of this fact is x 0 , or 0 x 9 = o. 
0 
Here are some other examples with zeros: 
3 X 0 = ? 
o I o f o = o 
3 X 0 = 0 
3 zeros are 0 
4 X 0 = ? 
o I o I o f o = o 
4 X 0 = 0 
4 zeros are 0 
6 X 0 = ? 
o f o I o f o f o f o - o 
6 X 0 Q 0 
6 zeros are 0 
8 X 0 = ? 
o f o fo f o I o f o f o I o = o 
8 X 0 = 0 
8 zeros_ are 0 
Do you see that the product of zero and any number is zero? 
45 
Five girls were playing. Each girl had one doll. How many 
doll s were there? 1 f 1 f 1 f 1 f 1 = 5. 5 ones are 5. 
1 
You write this as a multiplication fact like this, x 5 , or 5 x 1 = 5. 
5 
Here are other examples with ones: 
0 
1 one = l 
1 X 1 = 1 
0 0 0 0 
1 I 1 I 1 f 1 = 4 
4 ones = 4. 
4 X 1 = 4 
0 0 0 0 0 0 0 
00 
l f l = 2 
2 ones = 2 
2 X l = 2 
0 0 0 0 0 
lllllllll· = 5 
5 ones = 5 
5 X l : 5 
0 0 0 0 0 0 0 0 
0 0 0 
lflfl=3 
3 ones - 3 
3 X l = 3 
0 0 0 0 0 0 
lllllflflll = 6 
6 ones = 6 
6 X l = 6 
0 0 0 0 0 0 0 0 0 
4 6 
lflflllflllfl = 7 lllflflflflfltl = 8 ltlfltlfltlflflfl = 9 
7 ones = 7 
7 X 1 : 7 
8 ones = 8 
8 X l : 8 
9 ones = 9 
9 X l = 9 
Do you see that the product of l and any number is that number? 
The Table of Ones Reversals 
0 X l: 0 1 X 0 = 0 
l X l::: 1 1 X 1 = l 
2 X l::: 2 l X 2: 2 
3 X l = 3 1 X 3 = 3 
4 X l = 4 lx4=4 
5 X l = 5 1 X 5 ::: 5 
6 X l = 6 l:x:6=6 
7 X l : 7 l X 7 = 7 
8 X 1::: 8 l X 8 = 8 
9 X l ::: 9 l X 9::: 9 
Here are the multiplication facts about twos, and the reverse facts. 
00 1 two = 2 0 0 2 
00 1:2:. 
4 
2 twos = 4 
2 X 2 = 4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 X 2 : 2 
and 2 ones = 2 
2 X 1 = 2 
2 
2 4 twos = 8 
2 4 X 2 = 8 
11:. and 
8 2 fours = 8 
2 X 4""' 8 
.F- ~~ .. H ..... ' ~ 
1\ "' 1\ , .. 
.,~ 7( ~~ 'ii-
2 
2 7 twos = 14 
2 7 x2 =14 
2 and 
2 2 sevens = 2 
= 
14 
0 0 2 
0 0 2 5 tvws = 10 
0 0 2 5 x2= 10 
0 0 2 and 0 0 ...B. 2 fives = 10 10 2 X 5 = 10 
**-~'•** 
**i~** 
0 0 2 
0 0 2 8 twos - 16 
-
0 0 2 8 x2 = 16 
0 0 2 and 
0 0 2 2 eights c 16 
0 0 2 2x8 = 16 2x 7 14 
0 ...il:. 0 0 2 -l< ~)r ?r ~c- 7r- 7~ 7~ 7(-7~7}7*"*~~7~~(-
0 0~ 14 -)~ .)1 -'' .)I_ .JI_ .JI .)I \ .. ~ J\ 1\ " t\ ,, ~r .;r 7~ 7<-
Write the rest of the facts for the 
table of twos and the Reversals 
l::z2=2 
2 X 2: 4 
3 X 2 = 6 
2 X 1 = 2 
2x2=4 
2 X 3 = 
7(-7(--~* 
0 0 2 
0 0 2 
0 0 q 
0 0 
0 0 6 
3 twos = 6 
3 X 2 : 6 
and 
2 threes == 6 
2 X 3 = 6 
twos =12 
0 0 6 X 2 = 12 
0 0 and 
0 0 2 sixes = 12 
0 0 2x6 = 12 
* .)>' " ,, .J(. \1 ,, ..,, iC' 1\ ..,, 
* -rr ., ~ * 7f- i r 
0 0 2 
0 0 2 9 twos = 18 
0 0 2 9 X 2 = 18 
0 0 2 and 
0 0 2 2 nines = 18 0 0 2 2 X 9 = 18 0 0 2 .;~~(-.;(- ~(-~*" * ?c- 7H~· 
0 0 2 ~-... 7~ 7r ~'" ~r -i~ i t ~Hf-
0 0 ...B. 
18 
48 
Here are multiplication facts about threes and fours and the reverse facts. 
0 0 0 1 three = 3 
1 X 3 = 3 
0 0 0 
and 
3 
3 ones = 3 
3 X 1 = 3 
4 threes = 12 
0 0 0 3 4x3 = 12 
0 0 0 3 and f:2 0 0 0 3 fours = 12 3 x4 = 
~L ~~ ~L .)L 
t\ ,, " 1\ 
-);. ?(- -H· ?~ 
~r {r 1r -)t 
0 0 0 0 1 four = 4 
lx4=4 
and 4 ones - 4 
4xl=4 
* 
_,, 
.. 
12 
12 
0 0 0 3 
0 0 0 zt 
0 0 0 3 
0 0 0 3 
0 0 0 3 
0 0 0 3 
0 0 oa 
15 
2 threes = 6 
2 X 3 = 6 
and 
3 twos = 6 
3 X 2 = 6 
5 threes = 
5 X 3 = 
and 
3 fives --
3 X 5 = 
~~ ~{- ~~ ~i- ~(-
~~ .,~ .,'" '1i- ~~ 
.Y ..){.. ~L .. K 
'' ~~ I\ " .,r 
15 
15 
15 
15 
0 0 0 0 4 2 fours = 8 
0 0 0 0 ~ 2 X 4 = g 
8 
and 4 twos = 8 
4 X 2 = 8 
\1 .JI i\ , , 
0 0 0 3 
0 0 0 3 
o o o___a 
3 t hrees = 9 
3 X 3 = 9 
9 
0 0 0 3 6 threes = lg 
0 0 0 3 6 x3 = lg 
0 0 0 3 and 0 0 0 3 
0 0 0 3 
0 0 0 f:2 
18 
0 0 0 0 4 
0 0 0 0 4 
o o o o__/:!r_ 
12 
3 sixes = 18 
3 x6 = 18 
-)~-)~-)(--)~*~*" 
-{( ~~ ~~ ~ .. .JL .JI 1\ I f' 
"'}(- * -* 
-ir * * 
3 fours = 12 
3 x 4 = 12 
and 4 threes = 12 
4 X 3 = 12 
0 0 0 0 4 
0 0 0 0 4 
0 0 0 0 4 
0 0 0 OA 
16 
Write the products for these examples and reversals~ 
4 fours = 16 
4 X 4 = 16 
lx3= 
2 X 3 = 
3 X 3 = 
4x3= 
5 X 3 = 
6 X 3 = 
3 X 1 = 
3x2= 
3 X 3 = 
3x4= 
3 X 5 = 
3 X 6 = 
lx4= 
2x4: 
3x4'"" 
4x4= 
4xl= 
4x2= 
4x3= 
4x4= 
49 
Here are some more multiplication facts and reverse facts. 
0 0 0 0 0 
1 five = 5 ~~ 
lx5=5 ~~ 
and ~~ 
5 ones = 5 ~~ 
5xl=5 ~~-
000000 
1 six= 6 
lx6=6 
and ~~ 
6 ones = 6 ~~ 
6xl=6 ~~ 
0 0 0 0 0 0 0 
1 seven = 7 
lx7=7 -Y<-
and 
7 ones = 7 
7 X 1 - 7 
0 0 0 0 0 0 0 0 8 
0 0 0 0 0 0 0 0 ~ 
16 
2 eights = 16 
2 X 8 = 16 
8 twos = 16 
8 X 2 - 16 
0 0 0 0 0 5 and 
0 0 0 0 0 ti 5 twos = 10 
10 5 X 2 = 10 
2 fives = 10 
2 X 5 = 10 
0 0 0 0 0 0 6 
000000 i:&.. 
12 
2 sixes = 12 
2x6=12 
and 
6 twos = 12 
6x2= 12 
0 0 0 0 0 0 0 7 
0 0 0 0 0 0 0 t1 
14 
2 sevens = 14 
2x7-l4 
and 
7 twos = 14 
7x2 =14 
0 0 0 0 0 0 0 0 0 
1 nine = 9 
1 X 9 = 9 
and 
9 ones = 9 
9 X 1 = 9 
~>:.. -'L I \ 1\ 
"'i\ / (" 
1\ i\ 
\ 1 .)1 
.,, ,, 
00000 5 
0 0 0 0 0 5 
OOOOOi2. 
15 
3 fives - 15 
3 X 5 = 15 
and 
5 t hrees = 15 
5 X 3 = 15 
0 0 0 0 0 0 6 
000000 6 
000000 i:&.. 
and 
6 threes = 18 
6 X 3 = 18 
18 
0 0 0 0 0 0 0 0 
1 eight = 8 
1 X 8 = 8 
and 
8 ones = 8 
8 X 1 = 8 
0 0 0 0 0 0 0 0 0 9 
0 0 0 0 0 0 0 0 0 t2 
18 
and 
9 twos = 18 
9 X 2 = 18 
.'>' .. H .. 
X" " 
49a 
Write the products. 
1 X 5 = 5 X 1 = _ 2 X 6 = 6 X 2 = 
2 X 5 = 5x2 = 2 X 'P = 7 X 2 = 
3 x5 = 5 X 3 = 1 X 8 = 8x1= 
1 X 6 = 6 X 1 = 2 X 8 = 8x2= 
3 X 6 = 6 X 3 = 1 X 9-- 9 X 1 = 
1 X 7 = 7 X 1 = 2 X 9 = _ 9 X 2 = 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Chart of Multiplication Facts 
0 1 2 3 4 5 6 7 
0 0 0 0 0 0 0 0 
0 1 2 3 4 5 6 7 
Q 2 4 6 8 10 12 14 
0 3 6 9 12 15 18 
0 4 8 12 16 
0 5 10 15 
0 6 12 18 
0 7 14 
0 8 16 
0 9 18 
Find the answers in the chart • 
3 X 2 = 5 X 3 = 
7 X 1 = 2 X 7 = 
0 X 6 = 1 X 9 = 
1 X 8 = 3 X 3 = 
4x4= 4x1= 
8x2= 8x1= 
9 X 1 = 5 X 2 = 
sol 
8 9 
0 0 
8 9 
16 18 
2x4= 
4x2-
6 X 2 = 
3 X 6 = 
2 X 9 = 
0 X 7 = 
4 X 3 = 
Multiplying TWo-figure Numbers 
Estimate Example 
32 
x2 
32 is near 3 tens 
x2 x2 
Ans. is near-6 tens Est. = 60 
32 = 3 tens f 2 ones 
x2x2 x2 
Ans. ; 6 tens f 4 ones 
= 64 
or 
32 = 30 f 2 
x2 x2 x2 
Ans. ""60 {4 
= 64 
32 Step 1. Multiply ones. 2 x 2 = 4. Write 4. 
x 2 Step 2. Multiply tens. 2 x 3 = 6. Write 60. 
4 0 is a place holder. Add the two products. 
60 4 f 60 = 64. Write 64. 
64 
The short way 
32 Step 1. Multiply ones. 2 X 2 = 4. Write 4 in one's 
x2 place. 
64 Step 2. Multiply tens. 2 X 3 = 6. Write 6 in ten•s 
place. 32 
Check by addition.~ 
64 
Find the products for these examples. See if your answer is near 
the estimate. 
est. = 
21 
u 
• 
34 
x2 
est. = est. = 
23 
~ 
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Find the products for these exan~les. 
1. Write the estimated answer. 
2. Use the short wqy. 
a. Multiply ones. Write product in the one's place. 
b. Multiply tens. Write the product in the ten's place. 
3. See if your answer is near the estimate. 
4. Check your answer by addition. 
est. = 
33 
2S.....l 
99 
est. = 
40 
X 2 
est. = 
est. = 
22 
x3 
90 
Check 
33 
33 
L12 
99 
Check 
Check 
Check 
est. = 
42 
x2 
est. = 
43 
x2 
est. = 
31 
x2 
est. = 
41 
x2 
Check 
Check 
Check 
Check 
est. = 
31 
2U 
est. = 
est. = 
44 
x2 
est. = 
33 
x2 
Check 
Check 
Check 
Check 
52 
Example 
314 
x2 
Multiplying Three-figure Numbers 
Estimate 
314 is near 3 hundreds 
x2 x2 
Ans. is near~ hundreds Est. = 600 
314 = 3 hundreds f 1 ten f 4 ones 314 = 300 f lO f 4 
.2!:_ x 2 x2 x2 x2 
Ans. = 600 f 20 {8 
= 628 
x2 x2 x2 x2 
Ans. =~hundreds T2 tens T8 ones 
= 628 
314 Step 1. Multiply ones. 2 X 4 = 8. 
x 2 Step 2. Multiply tens. 2 X 1 = 2. 
8 0 is a place holder. 
Write 8. 
Write 20. 
20 Step 3. Multiply hundreds. 2 X 3 :: 6. Write 
600 o•s are place holders. 
628 Step 4. Add the three products. Write 628. 
The short way. 
600. 
314 Step 1. Multiply ones. 2 x 4:: 8. Write 8 in one's 
x 2 place. 
628 Step 2. Multiply tens. 2 x 1 = 2. Write 2 in ten's 
place. 
Step 3. Multiply hundreds. 2 x 3 = 6. Write 6 in 
hundredb place. 
314 
Check by addition. ~ 
628 
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Find the products for these examples. 
1. Write the estimated answer. 
2. Use the short way. 
a. Multiply ones. Write product in one's place. 
b. Multiply tens. Write product in ten 1 s place. 
c. Multiply hundreds. Write product in hundred's place. 
3. See if your answer is near the estimate. 
4. Check your answer by addition. 
est. = 
301 
3S...1 
903 
est. • 
442 
x2 
est. = 
402 
x2 
est. = 
102 
3S...1 
900 
Check 
301 
301 
301 
903 
Check 
Check 
Check 
est. -
-
223 
x2 
est. = 
233 
u 
est. = 
3ll 
3S...1 
est • .., 
310 
x2 
Check 
Check 
Check 
Check 
est. = 
131 
~ 
est. = 
314 
x2 
est. = 
143 
x2 
est. = 
213 
~ 
Check 
Check 
Check 
Check 
54 
27 
In a multiplication example like this, x 2 , where the product 
54 
of the ones is a two-figure number, 2 x 7 = 14, you write the one's 
figure, 4, in the one's place, and carry in your mind the ten 1 s 
figure, l. Then you multiply the tens and add the l ten you carried 
to the product, 2 x 2 = 4, 4 f l = 5. Write 5 in the ten•s place. 
Practice in adding a number to a product. 
Multiply and add l to the product: 
(4 X 3) t l :: 13 
(0 X 7) t l = _ 
(2 X 9)t l- _ 
(3 X 6) t l = _ 
(6 X 2) t l = 
(4 X 2) t l ""_ 
(2 X 4) t l &: _ 
(5 X 2) t l = _ 
(B x 1) t l = _ 
(4 X l) t l = _ 
(3 X 3) t 1 = 
(1 X 9) t 1 = 
(2 X 7) t 1 = 
(5 X 3) t l = _ 
(9 X l) t l = 
(B x 2) t l = _ 
(4 X 4) t l = _ 
(l x B) t 1 = _ 
(0 X 6) t 1 "'_ 
(7 X l) t 1 = 
(3 X 2) t l:: _ 
(0 X 2)t l = _ 
(3 X 4) t 1 = _ 
(0 X 9) t l = _ 
(7 X 2) t l = _ 
(2 X 2) t l = _ 
(1 X 1) t l = _ 
(3 X 5) t l = _ 
(2 X 6) f l = _ 
(2 X l) t l = _ 
55 
Multiplying Two-figure Numbers with 11Carrying11 
Example 
36 
x2 
36 = 3 tens f 6 ones 
x2 x2 x2 
Ans. = 6 tens f 12 ones 
= 7 tens f 2 ones 
= 72 
Estimate 
36 is near 4 tens 
X 2 x2 
Ans. is near-s tens 
or 
36 = 30 f 6 
x2 x2 x2 
Ans. =60fl2 
= 70 f 2 
= 72 
Est. = 80 
36 Step 1. Multiply ones. 2 x 6 = 12. Write 12. 
x 2 Step 2. Multiply tens. 2 x 3 = 6. Write 60. 
12 0 is a place holder. 
60 Step 3. Add the two products. 
72 12 f 60 = 72. Write 72. 
The short way. 
36 Step 1. Multiply ones. 2 x 6 = 12. Write 2 in the onels 
x 2 place. Remember the 1 ten and add .it to the product 
72 of the tens • 
Step 2. Multiply tens. 2 x 3 = 6, 6 f 1 = 7. 
Write 7 in the ten 1s place. 
36 
Check by addition. t22 
72 
Do these examples the short wey. 
est. = est. = 
Check Check 
23 34 
x4 x2 
est. = 
Check 
27 
x2 
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Find the products for these examplea. 
l. Write the estimated answer. 
2. Use the short way. 
a. Multiply ones. Write the one's figure of the product 
in the one's place. Remember to add the ten's figure 
to the product of the tens. 
b. Multiply the tens. Add the ten's figure you carried 
to the product. Write this number in ten's place. 
3. See if your answer is near the estimate. 
4. Check your answer O,y addition. 
est. = 
37 
x2 
est. = 
28 
X 3 
est. = 
35 
x2 
est. :: 
26 
x2 
Check 
Check 
Check 
Check 
est. = 
est. = 
48 
x2 
est. = 
26 
~ 
est. = 
13 
L.2. 
Check 
Check 
Check 
Check 
est. = 
19 
X 2 . 
est. = 
27 
x2 
est. = 
14 
2£....2. 
est. = 
34 
u 
Check 
Check 
Check 
Chack 
57. 
Example 
316 
x2 
Multiplying Three-figure Numbers with "Carrying" 
Estimate 
316 is near 3 hundreds 
x2 ](;2 
Ans • is near 6 hundreds Est. = 600 
316 = 3 hundreds f 1 ten f 6 ones 316 = 300 f 10 f 6 
x2 x2 x2 x2 
Ans, = 600 f 20 f 12 
= 600 f 30 f 2 
= 632 
X 2 ](;2 ](;2 ](;2 
Ans. = 6 hundreds F2 tens f 12 ones 
= 6 hundreds f 3 tens f 2 ones 
=632 
or 
316 Step 1. Multiply ones. 2 • 6 = 12. Write 12. 
x 2 Step 2. Multiply tens. 2 x 1 - 2. Write 20. 
12 0 is a place holder. 
20 Step 3. Multiply hundreds. 2 x 3 = 6. Write 600. 
600 0 1s are place holders. 
632 Step 4. Add the three products. 
12 f 20 f 600 = 632. Write 632. 
The short way, 
316 
x2 
Step l. Multiply ones. 2 x 6 = 12. Write 2 in the one 1 s 
place. Remember the 1 ten and add it to the proouct 
of the tens. 
Step 2, Multiply tens. 2 x 1 - 2. Add the 1 ten, 2 f 1 = 3. 
Write 3 in ten's place. 
Step 3. Multiply hundreds. 2 x 3 = 6. Write 6 in hundred 1s 
place. 
Check qy addition, 
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Find the products for these examples. 
L Write the estimated ansvver. 
2. Use the short way. 
a. Multiply ones. Write the one's figure of the product 
in the one's place. Carry in your mind the ten's figure. 
You will add it to the product of the tens. 
b. Multiply tens. Add the number you carried to the product 
of the tens. Write this munber in the ten's place. 
c. Multiply hundreds. Write product in hundred's place. 
3. See if your answer is near the estimate. 
4. Check your answer by addition. 
est. = est. = est. = 
239 
x '2 
est. 
127 
x2 
est. 
224 
X 3 
= 
= 
Check 
Check 
Check 
113 
X 5 
est. = 
213 
~ 
est. = 
326 
X 3 
Check 
Check 
Check 
305 
2U 
est. 
348 
x2 
est. 
214 
~ 
Check 
= 
Check 
= 
Check 
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Here are 18 circles in groups of twos. 
How many twos? 9. There are 9 twos in 18. 
18 = 9 twos. We write this as a division fact 
9 
like this, 18 ~ 2 = 9, or like this, 2/18 • 
The reverse of this fact tells how many nines there 
are in 18. These 18 circles are in groups of nines. 
How many nines? 2. There are 2 nines in 18. 
18 = 2 nines. We write this as a division fact like 
2 
_this, 18 ~ 9 = 2, or like this, 9/18 • 
0 0 0 0 
0 0 0 0 
0 0 0 0 
Divide these 12 circles into groups of twos and write the answers 
below. 0 0 0 0 0 0 
0 0 0 0 0 0 
How many twos are in 12? 
12 = twos. 
12 ~ 2 
- --' 
Divide these J2 circles into groups of sixes and write the 
answers below. 0 0 0 0 0 0 
0 0 0 0 0 0 
How many sixes are in 12? 
12 = sixes. 
12 ~ 6 = __ , 6/f2 
60 
0 0 
0 0 
0 0 
Draw lines around the circles to divide them. into groups. 
Then write the answers. 
Facts 
--
Divide into twos 
0 0 0 0 0 0 0 0 
8 = twos 
8 ~ 2 = 
Divide into twos 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 
Divide into twos 
0 0 0 0 0 0 
6 = 
6 ~ 2 = 
2/6 
twos 
twos 
Divide into twos 
0 0 0 0 0 0 
0 0 0 0 
10 = 
10 ~ 2 = 
twos 
Reverse Facts 
Divide into fours 
0 0 0 0 0 0 0 0 
8 = fours 
8 ~ 4 = 
4/8 
Divide into sevens 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 
sevens 
Divide into threes 
0 0 0 0 0 0 
6 = 
6 ~ 3 = 
3/6 
threes 
Divide into fives 
~ 0 0 0 0 0 
0 0 0 0 
10 = 
10 ~ 5 = 
5/lO 
fives 
Draw lines around the circles to divide them into groups. 
Then write the answers. 
Facts 
Divide into threes 
0 0 0 0 0 0 
6 = threes 
6 't' 3 = 
3/6 
Divide into threes 
0 0 0 0 0 0 
0 0 0 0 0 0 
12 = threes 
Divide into threes 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 
15 = threes 
15 't' 3 = --
3;15 
Divide into threes 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
lB = threes 
lB 't' 3 = __ 
3/IS 
Reverse Facts 
Divide into twos 
000000 
6 = twos 
6 't' 2 = 
2/6 
Divide into fours 
0 0 0 0 0 0 
0 0 0 0 0 0 
12 = 
12 't' 4 = 
4/12 
fours 
Divide into fives 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 
15 = fives 
15 't' 5 = 
5/15 
Divide into sixes 
0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
lB = sixes 
lB -t 6 = 
62 
This picture shows two equal parts, 
or 2 halves of a thing. 
This picture shows two equal parts, 
or 2 halves of a group. 
m w 
2 halves of 1 
0 0 0 0 
0 0 0 0 
a of 8 = 4) 
To find ~ of a number, you divide the number by 2. 
~ of 8 = 8 ~ 2 = 4. 
o o o o o!o o o o o 
2 halves of 10 
g o olo o o 
2 halves of 6 
go 1 o o 
2 halves of 4 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
2 halves of 18 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 
2 halves of 14 
0 0 0 0 
0 0 0 0 
0 0 0 0 
2 halves of 12 
~ of 10 = 10 ~ 2 = 5 
~ of 6 = 6 ~ 2 = 3 
~ of 4 = 4 ~ 2 = 2 
~ of 18 = 18 ~ 2 c 
~ of 14 = 14 ~ 2 = _ 
~ of 12 = 12 ~ 2 = 
63 
To find 1/3 of a number, you divide the number by 3. 
ooo!ooojooo 
3 thirds of 9 
00100100 
0 0 0 0 0 0 
3 thirds of 12 
0 0 0 0 0 0 
0 0 0 
00 00 00 
3 thirds of 15 
1/3 of 9 = 9 ~ 3 = 3 
1/3 of 12 = 12 ~ 3 = __ 
1/3 of 15 = 15 ~ 3 = __ 
To find 1/4 of a number, you divide the number by 4. 
oojooloojoo 
4 fourths of 8 
ooloo,ooloo 0 0 0 0 0 0 0 0 
4 fourths of 16 
oo,oojoo,oo 
0 0 0 0 
4 fourths of 12 
1/4 of 8 = 8 ~ 4 = 2 
1/4 of 16 = 16 ~ 4 = 4 
1/4 of 12 = 12 ~ 4 = 
To find 1/5 of a number, you divide the number by 5. 
010101010 0 0 0 0 0 
1/5 of 10 = 10 ~ 5 = 2 
5 fifths of 10 
1/5 of 15 = 15 ~ 3 = 
Division is a quick way of subtracting equal numbers. 
Example 
9 = ? threes 
9 
....::2... 
6 
....::2_ 
3 
---=.1.. 
0 
Subtract 3 from 9 
Subtract 3 from 6 
Subtract 3 from 3 
How many subtractions of 3? _3..__ __ 
How many threes are in 9? 3 threes 
3 
So, 9 ~ 3 = 3, or 3~ • 
8 = ·? twos 
Subtract all the 
twos from 8 
8 
-2 
How many subtractions of 2? 
How many twos are in 8? --
So, 8 ~ 2 = _, or 2/8 
12 = ? threes 
Subtract all the 
threes from 12 
12 
_::.2. 
How many subtractions of 3? 
How many threes are in 12? -
So, 12 t- 3 = , or 3/f2" 
10 = ? fives 
Subtract all the 
fives from 10 
10 
- 5 
How many subtractions of 5? 
How many fives are in 10? 
So, 10 t- 5 = _, or 5;s::o-
6 = ? twos 
Subtract all the 
twos from 6 
6 
-2 
How many subtractions of 2? 
How many twos are in 6? 
So, 6~ 2 = _, or 2(6" 
65 
In these examples you will work out the division fact by 
subtracting equal nwnbers. The first one is done for you. Do 
the others in the same way. 
15 = ? threes 
Subtract all the 
threes from 15 
15 
.::2 
12 
-3 
9 
::.2. 
6 
-i 
--"'-
3 
.:::1 
0 
There are 5 subtractions of 3. 
There are 5 threes in 15. 5 
So, 15 ~ 3 = 5, or 3/15. 
18 = ? sixes 
Subtract all the 
sixes from 18 
There are subtractions of 6. 
There are sixes in 18. 
So, 18 1- 6 = _, or 6~ 
16 = ? fours 
Subtract all the 
fours from 16 
There are 
There are 
So, 16 1- 4 
subtractions of 4. 
fours in 16. 
= _, or 4/f6" 
12 = ? twos 
Subtract all the 
twos from 12 
There are subtractions of 2. 
There are twos in 12. 
So, 12 ~ 2 = ____ , or 2~ 
l4 = ? sevens 
Subtract all the 
sevens from 14 
There are subtractions of 7. 
There are sevens in 14. 
So, l4 1- 7 = _, or 7/li: 
16 = ? eights 
Subtract all the 
eights from 16 
There are subtractions of 8. 
There are eights in 16. 
So, 16 -:- 8 = _, or 8;'lb" 
66 
6 ~ 2 = ? This example asks the question, 6 = how many twos? 
3 x 2 = 6. This multiplication fact gives the answer, 6 = 3 twos. 
3 
So, 6 ~ 2 = 3, or 2~ • A division example asks a question. 
6 
We write the answer and prove it by multiplication. Division is 
the opposite of multiplication. 
4 X 2 = 8 So, 8 ~ 2 = 4 8 X 2 = 16 So, 16 ~ 2 = 
3 X 4 ::: 12 So, 12 ~ 4 = 7 X 1 ::: 7 So, 7 ~ 1 = 
2 X 5 = 10 So, 10 ~ 5 = 5 X 3 ::: 15 So, 15 ~ 3 = 
7 X 2 =14 So, 14 ~ 2 = 4xl=4 So, 4 ~ 1 ::: 
4 X 4 = 16 So, 16 ~ 4 ::: 3 X 3: 9 So, 9 ~ 3 = 
9 X 2 = 18 So, 18 .... 2 . = 2 X 6 - 12 So, 12 ~ 6 = 
3 X 5 = 15 So, 15 ~ 5 = 4 X 3 = 12 So, '12 ~ 3 = 
lx6= 6 So, 6 ~ 6 = 3 X 6 = 18 So, 18 ~ 6 = 
67 
These facts are in 11 families 11 , that is, there are four facts, 
(l) the multiplication fact; (2) its re~ersal; (3) the opposite 
division fact; and (4) its reversal. 
You write the answers. 
3 x4 = 12 t- 4 = 8 X l :: 8 t- l 
-
- -
4 X 3 = 12 t- 3 = l X 8 = 8 t- 8 
- - -
2 x8 = 16 t- 8 - 5 x2 = 10 t-
- - -
8 X 2 = 16 t- 2 = 2. X 5 = 10 t-
- -
-
5 K 3 = 15 t- 3 = 2 X 7 = 14 .... 
- - -
. 
3 X 5 = 15 t- 5 = 7 x2 = 14 t-
- - -
l X 7 = 7 t- 7 
-
... 6 x3 = 18 t-
- -
7 xl = 7 t- l = 3 x6 = 18 t-
-
- -
2 X 9 = 18 t- 9 = 4 X l = 4 t-
-
- -
9 x2 = 18 t- 2 = l x4 = 4 t-
- - -
3 x2 = 6 t- 2 = 6 x2 = 12 t-
- - -
2 x3 = 6 t- 3 - 2 X 6 = 12 - t-
- - -
4 x2 = 8 -+ 2 = 3 X l = 3 t-
- - -
2 X 4 = 8 t- 4 
-
= l x3 = 3 t-
- -
= 
-
= 
-
2 = 
-
5 
-
-
7 = 
-
2 = 
-
3 = 
-
6 = 
-
l = 
-
4 ., 
-
2 = 
-
6 --
-
l = 
-
3 = 
-
68 
Write the facts in 11 families 11 , which means, (1) the multiplication 
fact; (2) its reversal; (3) the opposite division fact; and (4) its 
reversal. The multiplication fact is given. You write the rest of 
the facts in the "family", like the ones in the first box. 
1 X 6 = 6 6 ~ 6 = 1 9 X 1 = 9 
6 X 1 = 6 6 ~ 1 = 6 
2 X 4 = 8 3x2 = 6 
3 X 5 : 15 4 X 3 = 12 
2 X 7 = 14 2 X 5 = 10 
3 X 6 "' 18 lx2=-2 
9 X 2 = 18 2 X 8 = 16 
6x2=12 7 X 1 = 7 
-- --
69 
70 
Write the missing numbers for these fact s in "f amilies 11 • 
3 X = 6 + 2 - 3 3 X = 18 f'" 6 = 3 
- - - -
2 X = 6 f'" 3 - 2 6 X = 18 f'" 3 = 6 -
- - - -
2 X = 14 1- 7 = 2 
- -
5 X = 15 f'" 3 = 5 
- -
7 X = 14 1- 2 = 7 3 X - 15 1- 5 = 3 -
- - - -
5 X = 10 1- 2 = 5 
- -
7 X = 7 f'" 1 = 7 
- -
2 X = 10 1- 5 = 2 1 X = 7 f'" 7 = 1 
- - - -
9 X = 9 1- 1 = 9 2 X = 18 f'" 9 = 2 
- - - -
1 X = 9 1- 9 ::: 1 9 X = 18 1- 2 = 9 
- - - -
4 X = 12 1- 3 = 4 6 X = 12 f'" 2 = 6 
- - - -
3 X = 12 1- 4 = 3 2 X = 12 f'" 6 = 2 
- - - -
2 X = 16 1- 8 = 2 3 X = 3 f'" 1 = 3 
- - - -
8 X = 16 1- 2 = 8 1 X = 3 f'" 3 = 1 
- - - -
4 X 
-
::: 8 f'" 2 
-
= 4 1 X 
-
= 4 f'" 
-
4 = 1 
2 X = 8 1- 4 = 2 4 X = 4 f'" 1 = 4 
- - - -
You know that a division fact has an opposite multiplication fact. 
0 ~ 6 = ? This example asks the question, 0 = ? sixes 
Ox6=0 This multiplication fact gives the answer, 0 ~ 6 = 0, 
0 
or 6/0 
Work out these division facts about zero by using the opposite 
multiplication fact. 
0 ~ 1 =? 0 ~ 9 = ? 
Mult. Fact. Oxl= Mult. Fact 0 X 9 = 
So, 0 ~ 1 = __ , or 1/0 So, 0 ~ 9 = or 9/0 
0 ~ 7 = ? 0 ~ 2 =? 
Mult. fact 0 X 7 = Mult. Fact 0 x 2 -
-
So, 0 ~ 7 = or 7/6 So, 0 * 2 = or 2/0 
0 ~ 4 = ? 0 ~ 5 = ? 
Mult. Fact Ox4= Mult. Fact 0 x 5 = 
So, 0 ~ 4 = __ or 4/6 So, 0 ~ 5 = or 5/0 
0 ~ 8 = ? 0 ~ 3 = ? 
Mult. Fact Ox8 = Mult. Fact 0 x 3 = 
So, 0 ~ 8 = or 8/0 So, 0 ~ 3 = or 3/0 
Do you see that zero divided by any number equals zero? 
7 1_ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
0 
Q 
0 
0 
0 
0 
0 
0 
0 
1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
2 
2 
4 
6 
8 
10 
12 
14 
16 
18 
Chart of Division Facts 
3 4 5 6 
3 4 5 6 
6 8 10 12 
9 12 15 18 
12 16 
15 
18 
Find the answers in the chart. 
16 ~ 2 = 9 ~ 9 = 
0 ~ 5 = 18 ~ 9 = 
15 ~ 3 = 12 ~4 = 
10 i" 5 
-
14 i" 2 = 
6 i" 3 = 4 i" 2 = 
14 i" 7 = 0 i" 1 = 
-
10 i" 2 = 5 i" 5 ::: 
7 8 
7 8 
14 16 
9 
9 
18 
0 ~ 9 = 
12 ~ 6 = 
15 i" 5 = 
3 i" 1 = 
16 i" 8 = 
8 i" 4 = 
12-t-2= 
72 
In the examples below, the zeros are place-holders. First, 
write what the number means. Then, use your division facts to 
write the answers. 
vThat is 20 ~ 2? 
20 = 2 tens 
2 tens ~ 2 = 1 ten 
20 +- 2 = 10 
What is 60 i" 2? 
60 = tens 
tens i" 2 ::::: 
60 i" 2 = 
Vfuat is 100 ~ 2? 
100 = tens 
tens 
tens-~ 2 = tens 
100 ~ 2 = 
What is 140 ~ 2? 
140 = tens tens~ 2 = tens 
140 ~ 2 = 
What is 180 ~ 2? 
180 = tens 
tens ~ 2 = tens 
180~2= 
What is 40 -t- 2? 
40 = tens 
tens -t- 2 = tens 
40 i" 2 = 
What is 80 i" 2? 
80 = tens 
tens -t- 2 = tens 
80 i" 2 = 
What is 120 ~ 2? 
120 = tens 
tens ~ 2 = tens 
120 ~ 2 = 
What is 160 i" 2? 
160 = tens 
tens'f 2 = 
160 ~ 2 = 
What is 200 ~ 2? 
200 = hundreds 
tens 
hundreds ~ 2 = hundreds 
200 i" 2 = 
73 
In the examples below, the zeros are place-holders. First, 
write what the number means. Then use your division •facts to 
write the answers. 
What is .30 1- 3? 
30 = tens 
tens .,. 3 = ten 
-30.,.3=_-
What is 600 1- 3? 
600 = hundreds 
hundreds -t- 3 = 
-600.,.3=_ 
What is 800 -t- 4? 
8 = hundreds 
hundreds .,. 4 = 
800-t-4=_ 
What is 180 1- 6? 
180 = tens 
tens-.,. 6 = tens 
- 180 1- 6 = _:-
What is 160 1- 8? 
160 = tens 
tens-.,. 8 = tens 
-160 1-8 = .::-
hundreds 
hundreds 
What is 1.20 1- 3? 
120 =_tens 
tens 1- 3 = tens 
-l20t-3--=-
What is 160 -t- 4? 
160 = tens 
tene--t- 4 • tens 
- 160 't' 4 II: ..:: 
What is 150 1- 5? 
150 ., tens 
te~ 5 = tens 
- 150 .,. 5 = .::: 
What is 700 1- 7? 
700 = hundreds 
hundreds 1- 7 = hundreds 
-700 1- 7 = -
What is 180 1- 9? 
180 = tens 
te~ 9 = tens 
-180.,. 9- -
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Here is a division example worked out for you to show what it 
means to divide a two- figure number. 
Example: 
2/28 = 2 
=14 
4 
10 
2/28 .. 14 
The short way. 
14 
2/28 
Check 
-14 
Y2 
28 
4 ones 
8 ones or =14 
Step 1. Divide tens. 2 ~ 2 = 1. Write 10. 
Zero is a place holder. 
Step 2. Divide ones. 8 ~ 2 = 4. Write 4. 
Step 3. Add. 10 f 4 = 14. Write 14 for the 
answer. 
Step 1. Divide the tens. 2 ~ 2 = 1. 
Write 1 in ten's place. 
Step 2. Divide the ones. 8 ~ 2 = 4. 
Write 4 in the one 1 s place. 
Check by multiplication. 
Do this example the short way. 
Step 1. Divide the tens. Write the answer 
in the ten's place. 
Step 2. Divide the ones. Write the ansvrer 
in the one 1s place. 
Check by multiplication. 
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Do these division examples the short way. 
Step 1. Divide the tens. Write the answer in the ten 1 s place. 
Step2. Divide the ones. Write the answer in the one 1s place. 
Check by multiplication. 
4/88 2/48 
check check check check 
6/66 2/24 
check check check check 
4/4S 
check check check check 
2/42 . lff5 2/26 l/59 
check check check check 
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Here is a division example worked out for you to show what it neans 
to divide a three-figure number. 
Example 
2 hundreds l one 
3/693 = 3 6 hundreds 
= 231 
3 ones 
or 
-- 200 ~ 30 ~ l 3~ = 3/600 90 3 
= 231 
l 
30 
200 
3~ = 231 
check 
231 
2L.2. 
693 
Step l. Divide the hundreds. 6 ~ 3 = 2. 
Write 200. 0 1 s are place holders. 
Step 2. Divide the tens. 9 ~ 3 = 3. Write 30. 
0 is a place holder. 
Step 3. Divide the ones. 3 ~ 3 = l. Wri te 1. 
Step 4. Add. 200 f 30 f l = 231. Write 231. 
The short wa..y 
Step 1. Divide the hundreds. 6 ~ 3 = 2. 
Write 2 in hundred's place. 
Step 2. Divide the tens. 9 ~ 3 = 3. 
Write 3 in ten's place. 
Step 3. Divide the ones. 3 ~ 3 = l. 
Write l in one's place. 
Check by multiplication. 
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Here are some examples with three-figure numbers to divide. 
Use the short way. 
l. Divide the hundreds • Write the answer in the hundred's place. 
2. Divide the tens. Write the answer in the ten 1 s place. 
3. Divide the ones. Write the answer in the one 1 s place. 
4. Check by multiplication. 
4/484 
check 
check 
check 
2/842 
check 
check 
2/284 
check 
2/684 
check 
check 
l/795 
check 
3/696 
check 
2/468 
check 
l/329 
check 
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This ex.am.ple has a three-figure nwnber to divide. It 
will have a two-figure answer. Here it is worked out 
for you. 
4/128 = 4/1 hundred f 2 tens f 8 ones 
2 
30 
= 32 
4/128 - 32 
check 
32 
x.4 
128 
6/18b 
check 
ones 
8 ones 30 ~ 2 or 4/128 ~ 4/120 8 
= 32 
Step 1. Divide the tens. 12 ~ 4 = 3. Write 30. 
0 is a place holder. 
Step 2. Divide the ones. 8 ~ 4 = 2. Write 2. 
Step 3. Add. 30 t 2 = 32. Write 32. 
The short way 
Step 1. Divide the tens. 12 ~ 4 = 3. 
Write 3 in the ten's place. 
Step 2. Divide the ones. 8 ~ 4 = 2. 
Write 2 in the one's place. 
Step 3. Check by multiplication. 
Do this example the short way, like the one above. 
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Do these division examples the short way. 
1. Divide the tens. Write the answer in the ten's place. 
2. Divide the ones. Write the answer in the one's place. 
5/105 
check 
check 
check 
check 
3. Check by multiplication. 
7/147 
check 
4/128 
check 
4/168 
check 
3/186 
check 
2/164 
check 
3/156 
check 
5/I55 
check 
2/104 
check 
3/189 
check 
2/108 
check 
check 
6;'186 
check 
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j 
I 
I. 
I 
I 
These rectangles are all the same size. Four 
in different ways into equal parts. The last 
It is one whole rectangle. Look carefully at 
Then answer the questions below. 
l/2 
l/4 l/4 
1/3 l/3 
1/5 1/5 1/5 
l whole 
How many fifths are in 1 whole? 
How many halves are in 1 whole? 
Which is larger, l/4 or l/3? 
How many thirds are in l whole? 
Which is smaller, l/4 or 1/5? 
How many fourths are in l whole? 
Which is larger, l/2 or l/5? 
Which is smaller, 1/4 or 1/2? 
How many fourths are in l/2? 
l/4 
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of them are divided 
one is not di vided. 
these rectangles. 
l/2 I 
l/4 ] 
1/3 L 
1/5 l/5 I 
I 
V'/e write a fraction with two numbers, one over and one under a 
short line. The number under the line tells into how many equal 
parts the whole has been divided, while the number above the line 
tells how many of these parts are taken. 
These circles are divided into four equal parts, or fourths --
so, the bottom number for the fractions is ~ • The top number is 
the same as the number of parts that are filled in. 
1 
4 
2 1 
-or -4 2 
l 
4 or 1 whole 
These cirel.es are divided into three equal parts, or thirds. 
1 
3 
2 
3 ~ or 1 whole 
These circles are divided into five equal parts, or fifths. 
1 
5 
2 
5 
l 
5 
2. 
5 or 1 whole 
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These number scales show fractions and mixed numbers. A mixed 
number is a whole number and a fraction, like 2 ~, two and one half. 
There are some fractions and mixed numbers below for you to find on 
the scales. 
Count on the scale to find the fraction or mixed number. The 
length of the scale from zero to the point where you stopped shows 
the fraction or mixed number. Color that part of the scale red. 
F/'nd ~ 
/ 
find .1f 
I 
I I I Ill Ill 111111 I I 
5 
I I I i I I I I 
ol. .3 
.3 l 1 
I ,. I f 
I 
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Draw a rectangle 6 inches long and a half inch wide. Divide 
it in halves. Color one half green. 
Draw a line 4 inches long. Put red dots on it to divide it 
into fourths. 
Draw a l-inch square. 
Divide it into fourths. 
Color 2. blue. 
4 
Draw a rectangle 6 inches long and a half inch wide. Divide 
it irrt o thirds. Color 2 3 brown. 
Draw a line 5 inches long. Put red dots on it to divide it 
into fifths • Color 2 
5 
of the line red. 
Divide this circle into fourths and color 
1 of it blue. 
4 
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What would you do to find the answer to each question below'& 
Write A for add, S for subtract, D for divide, and M for multiply. 
What is Jack 1 s change? 
25¢ for his milk. 
He brings $1.00 to school, and pays 
How many cookies will each girl get? They will all have the 
same number of cookies. There are 18 cookies for 6 girls. 
What would you do to find the cost of bus fares for the whole 
class when you know what the cost would be for one fare? 
How many miles did Bill and his father drive to camp? They 
drove 104 miles the first day, 116 miles the second day, and 
57 miles the last day? 
How many yards of ribbon did we use? We used a yard for every 
3 Red Cross Boxes. We tied 69 boxes. 
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Write the time that 
Draw hands on the clocks below to show the time given under 
each clock. 
~0 rninvfes past «. S l17111vfes past 7 half past 3 
;~ minutes trf I 
86 
87 
Write the answers with numbers: 
1. A penny is cent. 
2. A nickel has the same value as cents. 
3. A clime has the same value as cents, or nickels. 
4. A quarter has the same value as 
nickels 
or dimes and nickel 
or nickels 
or dimes and pennies. 
5. A half dollar has the same value as 
quarters 
or pennies 
or nickels 
or dimes. 
6. What 3 coins have the same value as a quarter? 
7. Vfuat 6 coins have the same value as a dime? 
8. What 5 coins have the same value as a nickel? 
9. Vfuat 5 coins have the same value as a half dollar? 
1 
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